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Abstract 
 
The ‘pursuit of precision’, inspired from nature’s relationship between molecular structure 
and physiological function, has led to the conception of complex architectures. ‘Living’ radical 
polymerization (LRP) produces polymer building block precursors with a chemical functionality on 
either end of a linear polymer chain, and in combination with near-quantitative ‘click’ reactions, 
provides a facile method to construct structurally diverse architectures such as cyclics, dendrimers, 
stars and bio/inorganic-hybrids. Building complex polymer architectures has been driven by the quest 
to obtain new and predictable solution and bulk properties. Incorporating sequence control into these 
architectures through the judicious choice of monomer or macromers will have the potential to create 
advanced polymer materials with unique properties and functions that are commonly found in 
biological systems. This will lead to material design with potential applications as adaptive materials, 
catalysts, and use in vaccine and drug delivery. 
First, a series of symmetric and asymmetric complex polymer architectures were synthesized 
from polystyrene PSTY building blocks. Two PSTY building blocks of similar molecular weight 
were synthesized using ATRP. The telechelic building block consisted of a halide group on one end 
and both a hydroxyl and alkyne group on the other end. These telechilic polymer chains were coupled 
togather by sequential growth to produce three, four or seven HO-functionalities equally spaced along 
the polymer backbones. The key was to maintain the halide end-group on the telechelic polymer chain 
during the CuAAC coupling reaction after each sequential growth. This was accomplished by using 
the combination of the PMDETA ligand and toluene as a solvent to produce significantly faster rates 
of CuAAC coupling reaction over halide abstraction. The HO-functionalities were then converted to 
azide groups allowing further CuAAC reactions with either alkyne polymeric dendrons or cyclics to 
produce equally spaced grafts along the backbone. The relative hydrodynamic volume ratios of these 
grafted structures to their corresponding linear analogues were lower but similar to that found from 
the graft (i.e. dendron or cyclic) itself. Moreover, the same relative change in the hydrodynamic 
volume was independent of the number of grafts, suggesting that by combining many dendrons or 
cyclics on a polymer backbone, the effect on the coil conformation was minimal. This methodology 
was further extended to produce an asymmetric block copolymer consisting of one block with two 
dendron grafts and the other block with two cyclic grafts.  
Then, a new iterative sequential growth (ISG) strategy was developed which allows the 
synthesis of sequence defined polymers by direct azidation of alcohols. Four low molecular weight 
macromers of PSTY, poly(t-butyl acrylate) PtBA, and poly(methyl acrylate) PMA were prepared by 
either ATRP or SET-LRP with low dispersity values and poly(ethylene glycol) PEG was obtained 
from a commercial source. The macromers were functionalized to azide groups and then coupled to 
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a dialkyne linker (methyl 3,5-bis (propargyloxy) benzyl alcohol) to produce bifunctional macromers. 
This provided a toolbox of four macromers containing pendent hydroxyl and alkyne groups. In the 
first step of the ISG process azide functionalized PtBA macromer is coupled to a bifunctional PSTY 
macromer (PSTY with pendent –OH and alkyne functionalities) to produce the first diblock. The 
alcohol group was then directly azidated using DPPA/DBU in near quantitative yields. To this 
sequence, macromers were added through iterative sequential cycles of CuAAC (addition) and 
DPPA/DBU (activation) to produce a sequence-defined star polymer with eight macromers. The 
hydrodynamic volume of the growing sequence could be controlled by inserting a specific monomer.  
Next using the same procedure above, iterative exponential growth (IEG) was developed as 
an alternative tool for synthesizing high molecular weight sequence-defined polymers with repeating 
sequences in fewer steps through molecular doubling. A sequence of three macromers (PSTY-PEG-
PtBA) was made via ISG strategy. The backbone of this sequence contains a protected alkyne on one 
side and an alcohol group on the other side. This three block sequence was then split into two parts: 
the first part was deprotected to yield an alkyne moiety, and for the second part the alcohol was 
directly activated to the azide using the DPPA/DBU reaction. Two addition (CuAAC) and activation 
(deprotection and azidation) cycles produced a 12-block sequence-defined miktoarm star polymer. 
Finally, a poly(N-isopropylacrylamide) PNIPAM based two-arm wedge dendron containing 
a terminal azide functionality was synthesized by iterative growth using SET-LRP, CuAAC and 
DPPA/DBU. RAFT polymerization was used to synthesize two poly(N,N-dimethylacrylamide) 
PDMA building blocks: ≡-PDMA-RAFT and (≡)2-PDMA-RAFT. Coupling of the azide functional 
wedge dendron to these blocks by CuAAC yielded two and four arm dendrons with terminal 
trithiocarbonate moieties. These dendrons were grafted onto gold nanoparticles to produce 
functionalized gold nanoparticles. 
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Chapter 1  
 
Introduction 
 
Nature uses highly efficient strategies to construct a wide range of molecular aggregates that 
interact within a distinct environment to form complex systems. The functions of these molecules 
arise from their precisely controlled structure. Synthetic materials have not yet achieved such 
complexity due to the lack of absolute structural control. Hence, design of complex polymer 
architectures in the quest to produce precision at the molecular level is currently a subject of intense 
research.1-3 Advances such as ‘Living’ radical polymerization (LRP), dendrimer synthesis and 
iterative solid-phase synthesis have provided an elaborated set of tools to achieve complex polymer 
architectures with pre-defined properties.4-7  
‘Living’ radical polymerization techniques, notably atom transfer radical polymerization 
(ATRP), single-electron transfer ‘living’ radical polymerization (SET-LRP) and reversible addition-
fragmentation chain transfer (RAFT) produce polymer building blocks with controlled lengths, 
structure and pre-positioned functionalities.4, 8-9 Progress in step-growth chemistries using, for 
example, click reactions allows the facile construction of complex architectures including 
dendrimers, cyclics, brushes, stars and hybrid architectures which can further be conjugated to 
biological or inorganic species.10-13 Additionally, various synthetic approaches such as convergent 
and divergent dendrimer synthesis have revolutionised the design strategy to produce many of these 
architectures.14 
It is anticipated that achieving molecular precision would produce a new class of advanced 
functional materials leading to precise control over their solution and bulk properties. These materials 
could have potential applications as catalysts, vaccine and drug delivery devices, adaptive materials 
and complex self-organizing nanostructure.15-17 
 
1.1 Atom transfer radical polymerization (ATRP) 
Atom transfer radical polymerization (ATRP) is an efficient LRP technique, which allows the 
synthesis of well-defined polymers with predictable molecular weight, low polydispersity, high chain 
end fidelity and wide range of functionalities. ATRP proceeds by maintaining an equilibrium between 
activating and deactivating processes using a transition metal complex.18-19  
ATRP is initiated by using an alkyl halide initiator (R–X) and an activator, a redox-active 
transition metal complex, which continues to mediate the catalytic process during the polymerization. 
A wide range of transition metals including Ru, Fe, Mo, Os have been used, but Cu has the most wide 
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spread use.20-22 The metal is complexed typically to a nitrogen-based ligand to allow sufficient 
solubility of the transition metal complex in organic media and to facilitate the halogen exchange 
between the metal and the dormant species.19, 23-24 The transition metal complex in its lower oxidation 
state (activator) undergoes an inner sphere one-electron oxidation to abstract a halogen atom from the 
dormant species (R–X) through a homolytic cleavage to intermittently form propagating radicals 
(Scheme 1.1). These growing radicals react reversibly with the metal complex in their higher 
oxidation state (deactivator) to reform both the dormant species and the activator. As the reaction 
proceeds, radical termination reduces due to the build-up of deactivator concentration via the 
persistent radical effect (PRE)21. This shifts the equilibrium towards the dormant species and the 
stationary concentration of radicals becomes very low, which in turn reduces the probability of 
bimolecular termination25-26. 
 
 
Scheme 1.1: General mechanism for atom transfer radical polymerization (ATRP) (adapted from21) 
 
A wide range of functional initiators could be adapted for ATRP and the resulting polymers 
contain a terminal halogen functionality, which can participate in various post-polymerization 
reactions.22, 27 Thus, polymers synthesized by ATRP serve as ideal building blocks for the synthesis 
of a diverse range of complex polymer architectures. 
 
1.2 Single-electron transfer ‘living’ radical polymerization (SET-LRP) 
Percec and co-worker developed single-electron transfer ‘living’ radical polymerization 
(SET-LRP) in 2006.8, 28 SET-LRP proceeds via reversible activation deactivation cycles mediated by 
Cu(0)/Cu(II)X species in the presence of nitrogen based ligands.29 
The SET-LRP process requires a Cu(0) catalyst which is either introduced directly or 
produced in situ by disproportionation. Coordinating solvents such as alcohols, DMSO, and other 
dipolar aprotic and protic solvents in the presence of suitable nitrogen-based ligands (e.g. tris(2-
dimethylaminoethyl) amine Me6-Tren) disproportionate the Cu(I)X precursor into the highly active 
Cu(0) (i.e. activator) and Cu(II)X2 (deactivator) species, which mediate the initiation and reversible 
termination steps.8, 28, 30-31 The Cu(0) (electron donor) activates the alkyl halide initiator and dormant 
propagating species (electron acceptors) by an electron transfer process and is converted to Cu(I)X 
(Scheme 1.2). The Cu(I)X species remain inactive due to instantaneous in situ disproportionation to 
3 
 
Cu(0) and Cu(II)X. This eliminates the use of bimolecular termination for the build-up of Cu(II)X 
deactivator, and the persistent radical effect (PRE) is not involved.32-33 
 
 
Scheme 1.2: General mechanism for Single-electron transfer living radical polymerization (SET-
LRP) (adapted from28) 
 
SET-LRP has high activation rate, which allows the polymerization of a wide range of 
monomers including acrylates, methacrylates, and acrylamides under mild reaction conditions, at 
room temperature and below. The resulting polymers exhibit high chain end fidelity even at 
quantitative conversion and low polydispersity. It requires catalytic quantities of the catalyst and use 
of copper wire as catalyst allows facile removal of catalyst from the reaction mixture. It is tolerant to 
oxygen and is operationally simple.28, 30, 34-35  
 
1.3 Reversible Addition-Fragmentation Chain Transfer (RAFT) polymerization 
Reversible Addition-Fragmentation Chain Transfer (RAFT) polymerization was developed 
by Commonwealth Scientific and Industrial Research Organisation (CSIRO).36-37 RAFT 
polymerization is highly amenable to a wide range of functional monomers and is tolerant to a wide 
range of experimental conditions.38 The controlled nature of the RAFT polymerization is maintained 
by a reversible addition fragmentation cycle, which involves transfer of a dithioester group between 
active and dormant species.39-40  
The general mechanism for a RAFT polymerization is detailed in Scheme 1.3. In the first step 
(initiation i), an azo-initiator (2,2′-azobisisobutyronitrile AIBN) is thermally degraded to form 
carbon-centered radicals. In the initial step (ii) propagating polymeric radicals react with the C=S 
bond of RAFT agent 1 to form radical intermediate 2 which is able to fragment reversibly to form an 
oligomeric RAFT agent 3 and a reinitiating radical R·. In the reinitiation step (iii) the released radical 
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R· can reinitiate a new polymer chain and when the RAFT agent is fully consumed the polymerization 
is controlled by the oligomeric RAFT agent. In the main-equilibrium step (iv) rapid exchange of 
thiocarbonylthio groups occurs between dormant polymeric thiocarbonylthio compounds and active 
propagating radicals. The rapid exchange in this step through the formation of intermediate 4 limits 
termination and promotes homogeneous chain growth leading to low polydispersity. Termination 
(step v) occurs via combination or disproportionation mechanisms4, 41-42. 
The selection of the R· and Z moieties of the RAFT group are critical for achieving good 
control of the polymerization. The R· group should be a good leaving group, and the resulting radical 
R· should efficiently reinitiate the polymerization. The Z group in turn regulates the reactivity of the 
thicarbobnyl bond toward radical addition.36, 43  
 
 
Scheme 1.3: General mechanism for RAFT process (adapted from41) 
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1.4 Copper Catalysed Azide-Alkyne Cycloaddition (CuAAC) 
Polymer synthesis has been revolutionized by two major synthetic developments: 
polymerization techniques and ‘click’ reactions.13 Polymerization techniques provide a wide range of 
well-defined functional polymer building blocks and ‘click’ reactions connect these building blocks 
in a near quantitative manner. Generally, ‘click’ reactions are expected to provide high yields, 
generate no side-products or easily removable side-products, are stereospecific, produce stable 
products, exhibit a large thermodynamic driving force, possess simple reaction conditions and are 
tolerant to a wide range of functional groups.44-45 Orthogonal organic ‘click’ reactions include thiol-
ene, thiol-yne, Diels-Alder, and copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC) 
reactions.46-48 The CuAAC reaction was developed independently by Sharpless49 and Meldal50 in 
2002, and is the most extensively used ‘click’ reaction for the synthesis of complex architectures.13, 
51-53 
The CuAAC reaction is a copper(I) catalyzed 1,3-dipolar cycloaddition of functional azide 
and alkyne species (Scheme 1.3). The resulting 1,2,3-triazole linkages show excellent chemical 
inertness, thermal stability and regioselectivity toward the 1,4-disubstituted isomer. The wide spread 
use of CuAAC in advanced polymer architecture synthesis is driven from the availability of a wide 
variety of azide and alkyne functionalized building blocks. Ligands are also used to increase the 
reaction efficiency, particularly in polar solvents13. 
 
Scheme 1.4: General outline of the 1,3-substituted azide-alkyne Huisgen 'click' reaction 
 
1.5 Polymer Architectures 
The rapid development of modern technologies requires versatile materials with predictable 
properties. Polymer architectures beyond linear chains exhibit a unique set of supramolecular and 
macroscopic properties, since these properties are dependent on the composition of the polymeric 
building blocks and their structural arrangement within an architecture54-57. A wide variety of 
architectures including dendrimers, grafts, hyperbranced, cyclic, stars and hybrid architectures have 
been developed.52 
 
1.5.1 Dendrimers 
Dendrimers are a class of structurally well-defined globular architectures synthesized by an 
iterative sequential addition process. Dendrimers comprise of three distinct structural components, a 
multifunctional core, which lies in the centre, flexible layers of branches emanating from the core and 
+
Cu(I)/Ligand
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peripheral groups. Since each iteration introduces a generational layer, the resulting molecule 
contains regular branching, low polydispersity index, and well-defined number of peripheral groups 
on the outer layers of the branches.58-60 Vögtel first reported the synthesis of a well-defined branched 
structure (dendrimer) via an iterative synthetic procedure.58, 61  
There are two different approaches to dendrimer synthesis (Scheme 1.4): divergent and 
convergent approach. Tomalia and Newkome7, 62-63 introduced the divergent approach where growth 
initiates from the core and extends to the periphery. In this approach each generational layer is added 
and peripheral groups are modified to couple to next generational layer. Since coupling reactions 
increase exponentially in each generation, the tendency of incomplete peripheral functionalization 
and side reactions also increases exponentially. Thus dendrimers produced by this strategy may 
exhibit a slight structural flaw. 
Hawker and Fréchet64-65 developed the convergent approach where growth initiates from 
periphery and extends towards the core. First, a dendron is prepared and coupled to corresponding 
functionalities on a multi-functional core. Since coupling reactions are not quantitative and 
purification procedures cause mass losses, the sample mass reduces with each growing generation. 
Due to steric hindrance it is also difficult to prepare large dendrimers. The convergent approach also 
provides an opportunity to prepare unsymmetrical dendrimers.60 
 
 
Scheme 1.5: Schematic depiction of divergent (A) and convergent (B) synthesis of dendrimer 
(adapted from60). 
 
Due to the tightly packed branches, dendrimers tend to be of smaller size in comparison to 
their linear analogues, which leads to change in physical properties. Intrinsic viscosity of linear 
polymers increases linearly with mass, whereas for dendrimers it reaches a maximum at a specific 
generation.66 The glass transition temperature (Tg)
67 follows a similar trend for dendrimers. 
(A)
(B)
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Dendrimers also demonstrate significantly increased solubility.59, 68-69 Through tailoring the 
chemistry of these components by placing different functionalities at various positions and further 
coupling the dendritic building blocks in an ordered way, we will generate complex nanostructures 
with predesigned chemical and physical properties along the surface and within the interior of the 
structure.  
 
1.5.2 Cyclic Polymers 
Cyclic polymers are architectures with no chain-ends and this unique structural arrangement 
renders very different properties in comparison to their linear analogues.70 Because of their compact 
coil conformation, cyclic polymers have lower hydrodynamic volumes71-72 and radii of gyration73-74. 
Lower hydrodynamic volume and lack of chain ends in cyclic polymers leads to significantly higher 
critical entanglement molecular weights than their linear counterparts. Solution viscosities and melt 
viscosities of cyclic polymers are also lower than their linear analogues.74-76 Cyclic polymers exhibit 
higher Tg values than their linear analogues with the same molecular weight, especially in the low 
molecular weight region. Because of their lower conformational degree of freedom, which arises from 
their confined nature, smaller volumes and lack of chain ends.74, 77-80 
Synthesis of cyclic polymers is achieved via ring-closure and ring expansion approaches.55, 
81-85 The ring-closure approach involves the coupling of reactive chain ends of a linear polymer to 
form a cyclic polymer (Scheme 1.5). Ring-closure can be subdivided into three categories: (i) 
bimolecular homodifunctional coupling which involves coupling of a linear polymer with a small 
molecule linker,81, 86-88 (ii) Unimolecular homodifunctional coupling involves direct coupling of 
similar chain end functionalities,89-90 (iii) Heterodifunctional coupling involves the coupling of 
complementary chain end functionalities.70, 91-92 The development of living and controlled 
polymerization techniques has allowed the preparation of polymers with high chain end functionality, 
enabling the success of these techniques. Furthermore, in all ring-closure techniques, the use of highly 
efficient coupling reactions is crucial to ensure high purity cyclic polymers.82, 93 
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Scheme 1.6: Schematic representation of common ring-closure coupling techniques for the 
preparation of cyclic polymers: (i) bimolecular homodifunctional, (ii) unimolecular 
homodifunctional, and (iii) unimolecular heterodifunctional approaches (adapted from55). 
 
The ring-expansion approach (Scheme 1.6) involve the successive insertion of a cyclic 
monomer into a cyclic catalyst, initiator or propagating species.55, 76, 85 Ring-expansion techniques 
provides a unique synthetic strategy to produce high molecular weight cyclic chains without linear 
polymer impurities, but control over the molecular weight distribution (MWD) is limited with broad 
MWDs being produced.94  
 
 
Scheme 1.7: Schematic representation of the ring-expansion technique for the preparation of cyclic 
polymers (adapted from55). 
 
These synthetic developments have led to the synthesis of a wide range of cyclic polymer 
compositions and topologies including linear cyclic hybrids95-97, multi-cyclic70, 98, toroidal99, 
bridged100, spiro70, 78, 100 and fused101-102 cyclic architecture. 
 
1.5.3 Graft Polymers 
Graft polymers are macromolecular architectures that consist of a linear backbone with 
covalently grafted polymer side chains. These architectures can be densely or loosely grafted, contain 
flexible or stiff side chains and backbone, being homopolymers or copolymers. All these parameters 
influence their physical and chemical properties.103-105 There are three main approaches to the 
synthesis of graft polymers (Scheme 1.7): (i) Grafting-from approach involves synthesis of a polymer 
backbone that serves as a multifunctional macroinitiator with a predetermined number of initiation 
(i)
(ii)
(iii)
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sites, which are subsequently initiate polymerization of the side chains55, 105-107, (ii) Grafting-through 
approach involves the synthesis of a macromonomer with a terminal polymerizable functionality. 
Subsequent polymerization of the macromonomer yield the graft polymer108-111, (iii) Grafting-onto 
approach involves the coupling of end-functionalized macromers to a polymer backbone with pendent 
complementary functionalities along the chain112. 
 
 
Scheme 1.8: Schematic representation of three main approaches for synthesizing graft polymers: 
grafting-from, grafting-through and grafting-onto (adapted from105). 
 
1.5.4 Star Polymers 
Star polymers consist of multiple arms connected to a central core. In comparison to their 
linear counterparts, they contain greater number of chain end functionalities and have lower intrinsic 
viscosity and higher solubility. Star polymers have similar properties and structure to dendrimers and 
involve far less synthetic complexity.86, 113 There are two approaches to synthesis of star polymers 
(Scheme 1.8). The first is the core-first approach, which involves a central core that serves as a 
multifunctional initiator containing a number of initiation sites from where a number of chains grow 
resulting in a star architecture. The main advantage of this approach is high yield of the resulting star 
polymer. The disadvantage is that the resulting star polymers often suffer from low arm numbers.114 
The second, involves an arm-first approach through the synthesis of a polymer chain with terminal 
functionality followed by binding of the arms to form the core via cross-linking or by coupling of the 
arms to a multifunctional terminating agent.114-115 The arm-first approach allows the synthesis of star 
polymers with different arm composition, but its weakness is the incomplete arm-to-star 
conversion.116-117 The third method involves the gafting-onto approach  through the synthesis of linear 
polymeric chains with terminal functionalities and subsequent binding of the chains to a 
multifunctional core. This approach requires synthetic reactions with high coupling efficiency, and 
on the contrary this methodology provides good structural control of the resulting architecture.86, 118-
119 
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Scheme 1.9: Schematic representation of three main approaches for synthesizing star polymers: (i) 
Core-first approach, (ii) Arm-first approach, and (iii) Grafting-onto approaches (adapted from118). 
  
1.6 Sequence Defined Polymers 
Biological systems through evolution have developed advanced synthetic technologies that 
produce essentially sequence defined biopolymers (e.g. proteins and DNA). Based on their specific 
sequential order these biopolymers perform a wide range of functions. Polymer chemists have long 
sought of understanding the sequence-structure-function relationship, which hypothetically would 
enable us to develop advanced functional materials with pre-programmable properties120.  
In comparison with conventional synthetic polymers, sequence-defined polymers provides 
greater control over the structure–property relationship. Sequence-control has been reported to 
influence crystallization properties, polyolefinic macromolecules with precisely positioned branches 
indicated uniform crystal sizes and narrow transitions in comparison to their random counterparts3, 
121. The solubility of macromolecule in a specific solvent can be tuned by altering the monomer-
sequence122. Sequence-encoded polymers could be used for data storage and the functional 
information could be retrieved by techniques such as mass spectrometry123-124. Meyer group has 
reported that the degradation kinetics of biodegradable aliphatic polyesters could be controlled by 
altering the comonomer sequences125. Johnson and coworkers have shown that the glass transition 
temperature (Tg) of sequence-defined oligomers can be influenced by tuning the monomer 
stereochemistry within the sequence126. 
(i)
(ii)
(iii)
11 
 
This idea of precisely controlling the chemical composition of a synthetic sequence-defined 
architecture is very appealing; but it should be considered that a number of obstacles, need to be 
addressed. A synthetic strategy is required, which could (1) precisely control the molecular weight 
distribution, with the quintessential goal of achieving monodispersity at high molecular weight. (2) 
Provides the capacity to accurately incorporate monomers and functionalities at specific positions 
along the sequence. (3) Requires no or limited purification, is operationally simple and potentially 
scalable. Apart from these obstacles, the immense utility of easily prepared conventional polymers 
with macroscopic functionalities has limited the development of sequence-defined polymer.  
Recent advancements in polymer synthetic technologies have allowed the development of 
well-defined architectures. Extending these synthetic technologies polymer chemists have developed 
a wide variety of synthetic methodologies to develop sequence-defined architectures16. Two broad 
categories for the synthesis of sequence-controlled polymers include chain-growth and step-growth. 
Chain-growth involves sequential insertion of specific functional monomers these procedures 
include: template-growth127-130 special multifunctional monomer insertion131-132 step-growth133 and 
chain-growth1, 16, 134 processes. Each of these methods provides operationally simple conditions, good 
yields and short reaction times, but suffers from inadequate structural control3, 120, 126.  
Step-growth (which we refer to as iterative sequential growth ISG) approach follows the 
classic Merrifield strategy of solid-support peptide synthesis, which involves addition of individual 
functional monomers to a tethered solid or liquid support through iterative addition-activation 
cycles16, 135. A wide variety of reactions have been employed to construct sequence controlled 
architecture. Meier and coworkers synthesized a sequence-defined polymer by using repeating cycles 
of Passerine-three-component reaction and thiol-ene reaction. In the first step of the cycle, a monomer 
was appended to the growing sequence by the Passerine-three-component reaction and in the 
following step, a comonomer was inserted by the thiol-ene reaction. The advantage of this strategy is 
that it eliminates the use of activating reagents and protecting groups due to the use of orthogonal 
reactions.136-138 
Alabi, used a similar approach using photoinitiated thiol-ene “click” reaction. Wherein, each 
cycle a monomer was tethered to the growing sequence followed by comonomer using thiol-ene 
reaction. This process involved the same (thiol-ene) reaction for both step of the cycle and the 
reactions times were significantly short. Furthermore, a novel fluorous separation technology was 
employed which yielded essentially pure sequences at each step. This methodology was also devoid 
of activating reagents and protecting groups.120, 139 
Solid supported sequence controlled oligomers were synthesized using thiolactone chemistry 
by a two-step iterative approach. The first step involves aminolysis reaction to open the thiolactone-
12 
 
ring, which in the subsequently reacts with the thiolactone-acrylamide building block. Due to the 
orthogonality of these reactions, this synthetic strategy avoids protecting groups.140-141 
Lutz and coworkers synthesized sequence controlled polymer on a polymeric support using 
orthogonal reaction cycles of, CuAAC followed by amidation of carboxylic acids with primary 
amines. Since a soluble polystyrene polymer support was used, the sequences were easily purified at 
each step by precipitation into methanol.142 Our group synthesized sequence controlled polymers by 
CuAAC coupling of telechilic polymer chains in the presence of terminal halide group. The activity 
of the Cu(I) species was modulated to achieve faster click reaction over halide abstraction. Repeating 
cycles of orthogonal CuAAC and azidation reactions were used to construct the final sequence70, 78. 
Lutz in 2015, used nitroxide radical coupling to synthesize sequence-encoded oligomers. In 
this strategy, two different 2-bromopropionic anhydrides were alternately reacted with amino-
TEMPO to yield the final sequence. Sequences at each step were easily purified by precipitation and 
the final sequence was cleaved of the solid support.124 Other notable examples for synthesizing 
sequence defined macromolecules include esterification143, nitrone-mediated radical coupling144, 
amidation145-146, Horner–Wadsworth–Emmons (HWE) chemistry147, Wittig olefination148 and 
photoligation chemistry123  
A general ISG procedure (Scheme 1.9i) requires a functional solid or soluble support and a 
bifunctional monomer that contains an active functionality (X) and a dormant functionality (Y). In 
the first addition step, the bifunconal monomer is coupled to the support. In the following activation 
step, the dormant functionality (Y) is activated (to X) through chemical or physical stimuli70, 120, 142. 
Repeating cycles of these steps yields sequence defined polymer. 
ISG provides substantial structural control, but synthetic complexity, extensive purifications, 
combined effect of imperfect couplings, and low product yields add to the disadvantages3. Hence, 
further advancements in iterative synthetic processes have led to the development of iterative 
exponential growth IEG approach, which allows the synthesis of high molecular weight polymer 
using a repeating sequence through molecular doubling.  
IEG was pioneered by Whiting, who termed this concept as “molecular doubling”, and later 
other groups used this strategy to construct sequential polymers.149-160 Drockenmuller first used the 
IEG approach to construct sequence defined ethylene glycol based oligomers149, 158. Johnson and 
Jamison introduced the term “iterative exponential growth” IEG, and constructed oligomers with 
stereo-controlled side chains along the sequence by using CuAAC click chemistry. Simultaneously, 
this team also developed an automated synthetic process to synthesize oligomers using CuAAC.126, 
161 
A typical IEG procedure (Scheme 1.9ii) requires a common bifunctional monomer with two 
inactive complementary functionalities ([X] and [Y]) is partitioned into two halves and each portion 
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is activated using a separate reaction. Subsequent coupling of the two activated halves (X) and (Y) 
yields a sequence with double the molecular weight of the starting monomer and repeating cycles 
produce a sequence defined polymer126, 161-163.  
 With IEG, the molecular weight doubles with each cycle hence scalable high molecular 
weight unidisperse polymeric sequences could be obtained in relatively fewer synthetic steps and 
large excess of reagents are not needed to carry out the coupling reactions. However, IEG is not 
suitable for the synthesis of arbitrary sequences of single monomers and highly efficient reaction are 
required to ensure efficient coupling126. 
Progress in ISG and IEG has led to the development of automated synthesis of sequence 
defined polymers141, 161. These techniques hold strong potential for scalable, fast and efficient 
synthesis of particular sequences. On the contrary, these techniques require complex experimental 
setting which would further change for producing different sequences and their adaptability to 
different chemistries is yet to be challenged. 
 
 
Scheme 1.10: Schematic representation of Step-growth approach (i) iterative sequential growth ISG 
and (ii) iterative exponential growth IEG strategies. 
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1.7 Objectives and Outlines of this Thesis 
The main objective of this thesis was to develop synthetic strategies for the synthesis of 
complex functional polymer architectures. ‘Living’ radical polymerization techniques, such as 
ATRP, SET-LRP and RAFT were used to synthesize a toolbox for functional polymer building 
blocks. CuAAC click reactions were then used to construct complex functional architectures through 
iterative growth strategies.  
 
In this work, we have developed novel and operationally simple synthetic mythologies to 
construct complex polymer architectures. In the second chapter, well-defined high molecular weight 
architectures were synthesized by a combinations of ATRP and CuAAC. Polystyrene building blocks 
through an addition (CuAAC coupling) and activation (esterification-azidation) process were 
conjugated to construct six symmetric and one asymmetric polymer architectures by grafting-to 
approach. This strategy was further advanced in the third chapter to produce an 8-block sequence-
defined architecture by sequentially tethering four different low molecular weight polymers 
(macromers) by iterative sequential growth (ISG) process. A toolbox of macromers was synthesized 
by ATRP, SET-LRP and CuAAC click reactions. Individual macromers were sequential coupled to 
a growing sequence defined polymer by repeating cycles of CuAAC “click” reaction (addition step) 
and DPPA/DBU azidation reaction (activation step). The effect of macromer insertion on 
hydrodynamic volume change were also studied. We then turned our efforts to synthesize a 12-block 
sequential architecture (Chapter 4). In this work we constructed a 3-block sequential polymer from 
three different macromers by ISG process. This trimer was then coupled to itself by a molecular 
doubling process (iterative exponential growth IEG) to form the final 12-block sequence. In this 
approach (IEG) we used two orthogonal activation reaction, DPPA/DBU azidation and TIPS-
deprotection followed by addition by CuAAC. Finally, in chapter five, we aimed at using these 
technologies to construct smart materials. We synthesized water-soluble stimuli responsive building 
blocks by RAFT and SET-LRP/NaBH4 methods. These building blocks were convergently coupled 
to produce thermoresponsive water-soluble dendrons. These dendrons were grafted onto gold 
nanoparticles by thiol-gold interaction to produce thermoresponsive dendronized gold nanoparticles.    
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Chapter 2 
 
 
Precise grafting of macrocyclics and dendrons to a linear polymer chain 
 
Sequential growth of multifunctional telechelic polymer chains was used here to produce 
three, four or seven HO-functionalities equally spaced along the polymer backbone. The telechelic 
building block consisted of a halide group on one end and both a hydroxyl and alkyne group on the 
other end. The key was to maintain the halide end-group on the telechelic polymer chain during the 
CuAAC coupling reaction after each sequential growth. This was accomplished by using the 
combination of the PMDETA ligand and toluene as a solvent to produce significantly faster rates of 
CuAAC coupling reaction over halide abstraction. The HO-functionalities were then converted to 
azide groups allowing further CuAAC reactions with either alkyne polymeric dendrons or cyclics to 
produce equally spaced grafts along the backbone. The relative hydrodynamic volume ratios of these 
grafted structures to their corresponding linear analogues were lower but similar to that found from 
the graft (i.e. dendron or cyclic) itself. Moreover, the same relative change in the hydrodynamic 
volume was independent of the number of grafts, suggesting that by combining many dendrons or 
cyclics on a polymer backbone, the effect on the coil conformation was minimal. Our methodology 
could be extended to produce an asymmetric block copolymer consisting of one block with two 
dendron grafts and the other block with two cyclic grafts. The work presented here will further extend 
the utility of both ‘living’ radical polymerization and ‘click’ reactions to produce complex polymer 
architectures. 
 
 
 
2.1 Introduction 
‘Living’ radical polymerization (LRP)1 creates polymer building block precursors with a 
chemical functionality on either end of a linear polymer chain, and in combination with near-
quantitative ‘click’ reactions2 it provides a facile method to construct complex polymer architectures. 
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These well-designed telechelic polymer chains can be coupled using ‘click’ reactions within the same 
polymer or with other telechelic polymer chains to construct a diverse range of structures, including 
cyclics,3-4 dendrimers,5-7 hyperbranches,8 multiblocks,9 and bioconjugates.10-11 The use of LRP can 
also produce graft polymers (e.g. bottlebrush polymers) through incorporating functional monomer 
units into linear polymer chains and then ‘grafting-onto’12 with other linear polymer chains.13 The 
high graft density drives the polymer to a cylindrical structure that can be used as nanowires14-15 or 
can be transformed into nanotubes16-17 with tunable sizes and surface composition. Cyclic combs can 
also be formed by the ‘graft-onto’ method with either linear polymers18 or dendrons19-20 or cyclic 
polymers themselves can be grafted onto the backbone of a linear polymer chain.21  
Dendrimers22-23 and stars24 made from linear polymeric building blocks have a more compact 
coil conformation, but due to their many chain-ends they have lower glass transition temperatures 
(Tg's) compared to an analogous linear polymer with the same molecular weight. Cyclic polymers 
also have different physical properties from their analogous linear polymers, including a higher 
density, lower intrinsic viscosity, higher glass transition temperature and higher refractive index.25 
These properties seem to originate from the more compact random coil conformation of cyclic 
polymers in solution and bulk compared to their linear analogue. Generating more complex 
topologies will undoubtedly have an influence on these properties. The ability to control the location 
of the chemical functionality along the precursor polymer will allow for greater synthetic design of 
polymer topologies, representing an important step towards fine control over the polymer 
architecture. 
Tezuka and coworkers,26-27 for example, have generated complex cyclic topologies from 
precursor linear telechelic polymers by using the electrostatic self-assembly and covalent fixation 
(ESA-CF) method. By coupling the telechelic polymers with small molecule linkers via the self-
assembly method, they controlled the folding of linear polymers into θ-shaped to shippo-graph 
cyclics.28 Our group further demonstrated that through the combination of LRP and ‘click’, we 
produced a spiro-tricyclic, pentacyclic, three-arm cyclic and even a six arm cyclic.29  
Here, we present a synthetic strategy to produce linear precursor polymer chains with fine 
control of the location of the chemical functionality (i.e. hydroxyl groups) at the chain-ends and in 
the desired locations along the polymer backbone. We accomplish this through sequentially copper 
catalyzed azide–alkyne cycloaddition (CuAAC) ‘click’ reaction of telechelic polymer chains, in 
which one chain-end consists of both an alkyne and hydroxyl moiety and the other chain-end consists 
of a Br-group. The key step for sequential growth is to obtain a high CuAAC ‘click’ efficiency without 
loss of the Br end-group. Therefore, the chemical reactivity was modulated to significantly enhance 
the CuAAC ‘click’ reaction over transfer of the bromine to the Cu(I)/ligand species. Previous work 
found a significantly faster rate of halide transfer than CuAAC in DMSO and Me6TREN as a ligand.
30 
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The reaction rates reversed on changing the solvent and ligand to toluene and PMDETA, respectively. 
These chemical reactivities were further confirmed from nitroxide radical and CuAAC coupling 
reactions in one pot,30-33 and conditions could be modulated where both reactions occurred at the 
same rate (i.e. DMSO and PMDETA).22, 30, 34  
In this work, we use conditions for a rapid CuAAC reaction over halide transfer to produce 
linear polystyrene (PSTY) chains with three, four or even seven equally spaced azide functionalities. 
Alkyne functional cyclics and dendrons were then coupled to form a range of cyclic and dendron 
comb polymers (Scheme 2.1). The synthetic strategy could further be elaborated to create a diblock 
comb polymer consisting of a grafted dendron on one block and cyclic on the other (structure 43). 
Our synthetic method demonstrated the ability for the chemical functionality to be precisely located 
on the specific regions of the polymer backbone to produce well-defined topologies. 
 
2.1.1 Aim of the Chapter 
The aim of this work was to develop a synthetic strategy to synthesize well-defined high 
molecular weight complex polymer architectures in fewer number of synthetic steps. To overcome 
the barrier of steric hindrance, a series of polymeric backbones containing equally spaced pendent 
azide functionalities were produced by ATRP and CuAAC techniques. Subsequently alkyne 
functionalized dendrons and macrocyclic were coupled to these backbones via grafting-onto approach 
using CuAAC reaction at elevated temperature.  
 
 
Scheme 2.1 Comb polymer architectures with equally spaced macrocyclic and dendron grafts via the 
sequential growth method 
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2.2 Experimental  
 
2.2.1 Materials 
The following chemicals were analytical grade and used as received unless otherwise stated: 
alumina, activated basic (Aldrich: Brockmann I, standard grade, 150 mesh, 58 Å), Dowex ion-
exchange resin (Sigma-Aldrich, 50WX8-200), magnesium sulfate, anhydrous (MgSO4: Scharlau, 
extra pure), potassium carbonate (K2CO3: analaR, 99.9%), silica gel 60 (230–400 mesh ATM (SDS)), 
pyridine (99%, Univar reagent), 1,1,1-triisopropylsilyl chloride (TIPS-Cl: Aldrich, 99%), phosphorus 
tribromide (Aldrich, 99%), ethylmagnesium bromide solution (Aldrich, 3.0 M in diethyl ether), 
triethylamine (TEA: Fluka, 98%), 2-bromopropionyl bromide (BPB: Aldrich 98%), 2-
bromoisobutyryl bromide (BIB: Aldrich, 98%), propargyl bromide solution (80 wt% in xylene, 
Aldrich), 1,1,1-(trihydroxymethyl) ethane (Aldrich, 96%), sodium hydride (60% dispersion in 
mineral oil), sodium azide (NaN3: Aldrich, 99.5%), TLC plates (silica gel 60 F254), N,N,N′,N′′,N′′-
pentamethyldiethylenetriamine (PMDETA: Aldrich, 99%), copper wire (0.2 mm diameter), 
propargyl ether (Aldrich, 98%), and copper(II) bromide (Cu(II)Br2: Aldrich, 99%). Cu(I)Br and 
Cu(II)Br2/PMDETA complexes were synthesized by our group. Styrene (STY: Aldrich, >99%) was 
deinhibited before use by passing through a basic alumina column. All other chemicals used were of 
at least analytical grade and used as received. The following solvents were used as received: acetone 
(ChemSupply, AR), chloroform (CHCl3: Univar, AR grade), dichloromethane (DCM: Labscan, AR 
grade), diethyl ether (Univar, AR grade), dimethyl sulfoxide (DMSO: Labscan, AR grade), ethanol 
(EtOH: ChemSupply, AR), ethyl acetate (EtOAc: Univar, AR grade), hexane (Wacol, technical grade, 
distilled), hydrochloric acid (HCl, Univar, 32%), anhydrous methanol (MeOH: Mallinckrodt, 99.9%, 
HPLC grade), Milli-Q water (Biolab, 18.2 MΩm), N,N-dimethylformamide (DMF: Labscan, AR 
grade), tetrahydrofuran (THF: Labscan, HPLC grade), and toluene (HPLC, LABSCAN, 99.8%). 
 
2.2.2 Synthetic procedures 
 
2.2.2.1 Synthesis of Initiators and Linkers 
Initiators 1 (overall yield 22%, 2.5 g, 8.1×10-3 mol) alkyne (hydroxyl) functional initiator 
(Scheme 2.2 and Figure A2.1), 2 (overall yield 12%, 1.5 g, 3.2×10-3 mol) protected alkyne (hydroxyl) 
functional initiator (Scheme 2.3 and Figure A2.2) and 4 (yield 45%, 1.2 g, 3.4×10-3 mol) dialkyne 
functional initiator (Scheme 2.4 and Figure A2.4), and linker 3 (yield 65%, 1.5 g, 7.62×10-3 mol) 
dialkyne hydroxyl linker (Scheme 2.4 and Figure A2.3) and 5 (overall yield 60%, 2.75 g, 1.1×10-2 
mol) methyl 3,5-bis (propargyloxyl) benzoate (Scheme 2.5 and Figure A2.5) were synthesized 
according to the literature procedures reported by our group.29, 35 
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Scheme  2.2: Synthetic route for the preparation of alkyne initiator (1). 
Reactants and conditions: (i) Acetone, p-TsOH, RT,16h; ii) THF, NaH, propargyl bromide, -78 oC, 
16 h; iii) DOWEX, Methanol, RT 16 h; iv) THF, 2-bromoisobutyryl bromide, 0 oC - RT, 16 h. 
 
Scheme 2.3: Synthetic route for the preparation of  protected alkyne initiator (2). 
Reactants and conditions: (i) EtMgBr, THF, reflux at 76 °C, (ii) PBr3, pyridine, ether 0 ~ 25 °C (iii) 
NaH/ THF, -78 °C ~ 25 °C (iv) DOWEX resin in MeOH at 40 °C (v) TEA in THF at 0 °C ~ RT for 
24 h. 
Scheme  2.4: Synthetic route for the preparation of di_alkyne linker (3) and di_alkyne Initiator 
(4). 
Reactants and conditions: (i) THF, NaH, propargyl bromide, -78 oC, 16 h; ii) THF, 2-bromoisobutyryl 
bromide, 0 oC - RT, 16 h. 
 
Scheme  2.5: Synthetic route for the preparation of di_alkyne linker (5). 
Reactants and conditions: (i) Acetone, K2CO3, RT, 48 h;  
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2.2.2.2 Synthesis of PSTY28-Br (6), by ATRP 
Styrene (11.2 g, 1.0×10-1 mol), PMDETA (0.24 mL, 1.1×10-3 mol), CuBr2/PMDETA (6.1×10
-
2 g,   2.5×10-4 mol) and initiator (0.3 g, 1.5×10-3 mol) were added to a 25 mL schlenk flask equipped 
with a magnetic stirrer and purged with argon for 30 min to remove oxygen. Cu(I)Br (0.16
 
g, 1.1×10-
3 mol) was then carefully added to the solution under an argon blanket. The reaction mixture was 
further degassed for 5 min and then placed into a temperature controlled oil bath at 80 °C. After 3 h, 
an aliquot was taken to check the conversion. The reaction was quenched by cooling to 0 °C in ice 
bath, exposed to air, and diluted with THF (ca. 3 fold to the reaction mixture volume). The copper 
salts were removed by passage through an activated basic alumina column. The solution was 
concentrated by rotary evaporation and the polymer was recovered by precipitation into large volume 
of MeOH (20 fold excess to polymer solution) and vacuum filtered two times. The polymer was dried 
under high vacuum overnight for 24 h at 25 °C; SEC (Mn = 2820, PDI = 1.10; see SEC trace in Figure 
A2.6) (Scheme 2.6; Table 2.1).  Final conversion was calculated by gravimetry of 40%; 1H NMR 
(Figure A2.7) and MALDI-ToF (Figure A2.8). 
 
2.2.2.3 Synthesis of PSTY28-N3 (7) by Azidation with NaN3 
Polymer PSTY28-Br 6 (3.5 g, 1.2×10
-3 mol) was dissolved in 15 mL of DMF in a 20 mL 
reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (1.6 g, 2.4×10
-2 mol) was 
added and the mixture stirred for 24 h at 25 oC. The polymer solution was directly precipitated into 
MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered by vacuum 
filtration and washed exhaustively with water and MeOH. The polymer was dried under high vacuum 
for 24 h at 25 °C; SEC (Mn = 2900, PDI = 1.10; Figure A2.9) (Scheme 2.6; Table 2.1), and was further 
characterized by 1H NMR (Figure A2.10) and MALDI-ToF (Figure A2.11). 
 
2.2.2.4 Synthesis of (≡)2PSTY20-Br (8) by ATRP 
Styrene (9.0 g, 8.6×10-2 mol), PMDETA (0.27 mL, 1.3×10-3 mol), CuBr2/PMDETA (1.0×10
-
1 g,   2.6×10-4 mol) and initiator (0.6 g, 2.5×10-3 mol) were added to a 20 mL schlenk tube equipped 
with a magnetic stirrer and purged with argon for 30 min to remove oxygen. Cu(I)Br (0.18
 
g, 1.2×10-
3 mol) was then carefully added to the solution under an argon blanket. The reaction mixture was 
further degassed for 5 min and then placed into a temperature controlled oil bath at 80 °C. After 2 h, 
an aliquot was taken to check the conversion. The reaction was quenched by cooling to 0 °C in ice 
bath, exposed to air, and diluted with THF (ca. 3 fold to the reaction mixture volume). The copper 
salts were removed by passage through an activated basic alumina column. The solution was 
concentrated by rotary evaporation and the polymer was recovered by precipitation into large volume 
of MeOH (20 fold excess to polymer solution) and vacuum filtered two times. The polymer was dried 
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under high vacuum for 24 h at 25 °C; SEC (Mn = 2300, PDI = 1.09; see SEC trace in Figure A2.12) 
(Scheme 2.6; Table 2.1).  Final conversion was calculated by gravimetry 41%; 1H NMR (Figure 
A2.13) and MALDI-ToF (Figure A2.14). 
 
2.2.2.5 Synthesis of (PSTY28)2-PSTY20-Br (9) by CuAAC 
PSTY28-N3 7 (1.2 g, 4.3×10
-4 mol) and PMDETA (4.5×10-2 mL, 2.1×10-4 mol) were dissolved 
in 5 mL of dry toluene in a vial. In a separate vial (≡)2-PSTY20-Br 8 (0.5 g, 2.1×10-4 mol) was 
dissolved in 3.0 mL of dry toluene. Cu(I)Br (3.1×10-2 g, 2.1×10-4 mol) was taken in a 20 mL schlenk 
tube equipped with magnetic stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol). After purging all 
these vessels for 30 min, polymer solution 7 was transferred to the schlenk tube by applying argon 
pressure using double tip needle, and the schlenk tube was placed in a temperature controlled oil bath 
at 50 °C. Polymer solution 8 was feed to the schlenk flask using a syringe pump over a period of 60 
min (feed rate was set at 20 µL/min). The reaction was stopped after a additional 60 min and diluted 
with THF, and the copper slats were removed by passage through an activated basic alumina column. 
The solvent was removed by rotary evaporator and the polymer recovered by precipitation in 20-fold 
excess of MeOH, collected by vacuum filtration and washed exhaustively with MeOH. The polymer 
was dried under high vacuum for 24 h at 25 oC; SEC (Mn = 6990, PDI = 1.13; Figure 2.1A) and Triple 
Detection SEC (Mn = 8590, PDI = 1.014) (Scheme 2.6; Table 2.1). The polymer was further 
characterized by 1H NMR (Figure A2.15) and MALDI-ToF (Figure 2.2A). 
 
2.2.2.6 Synthesis of (PSTY28)2-PSTY20-N3 (10) by Azidation with NaN3 
Polymer (PSTY28)2-PSTY20-Br 10 (1.4 g, 1.7×10
-4 mol) was dissolved in 8 mL of DMF in a 
reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (2.3×10
-1 g, 3.5×10-3 mol) was 
added and the mixture stirred for 24 h at 25 oC. The polymer solution was directly precipitated into 
MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered by vacuum 
filtration and washed exhaustively with water and MeOH. The polymer was dried under high vacuum 
for 24 h at 25 °C; SEC (Mn = 7280, PDI = 1.11; Figure A2.16) and Triple Detection SEC (Mn = 8680, 
PDI = 1.01) (Scheme 2.6; Table 2.1). The polymer was further characterized by 1H NMR (Figure 
A2.17) and MALDI-ToF (Figure 2.2B). 
 
2.2.2.7 Synthesis of (PSTY28)2-PSTY20-≡ (11) by CuAAC 
Polymer (PSTY28)2-PSTY20-N3 10 (1.3
 g, 1.6×10-4 mol) and propargyl ether (3.0×10-1 g, 
3.2×10-3 mol) and PMDETA (3.3×10-2 mL, 1.6×10-4 mol) were dissolved in 6 mL of dry toluene in a 
vial. CuBr (2.3×10-2 g, 1.6×10-4 mol)   was added to a 10 mL schlenk flask equipped with magnetic 
stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol) and both reaction vessels were purged with argon 
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for 20 min. The polymer solution was then transferred to CuBr flask by applying argon pressure using 
double tip needle. The flask was placed in a temperature controlled oil bath at 25 °C for 1.5 h. The 
reaction was diluted with THF and passed through alumina column to remove copper salts. Solvent 
was removed by rotary evaporator and precipitated in excess of MeOH and filtered. The polymer was 
dried under high vacuum for 24 h at 25 oC; SEC (Mn = 7510, PDI = 1.10). Polymer was purified by 
preparative SEC to remove undesired high molecular weight polymers and residual linker. The 
polymer was dried under high vacuum for 24 h at 25 °C. SEC (Mn=7860, PDI=1.03; see SEC trace 
in Figure A2.18) and Triple Detection SEC (Mn = 8640, PDI = 1.009) (Scheme 2.6; Table 2.2). The 
polymer was further characterized by 1H NMR (Figure A2.19) and MALDI-ToF (Figure 2.2C). 
 
2.2.2.8 Synthesis of ≡(HO)-PSTY28-Br (12), (12b) by ATRP 
Styrene (12.2 g, 9.0×10-2 mol), PMDETA (0.20 mL, 9.7×10-4 mol), Cu(II)Br2/PMDETA 
(7.7×10-2 g, 1.9×10-4 mol) and initiator 1 (0.6 g, 1.9×10-3 mol) were added to a 10 mL schlenk flask 
equipped with a magnetic stirrer and purged with argon for 30 min to remove oxygen. Cu(I)Br (0.14
 
g, 9.7×10-4 mol) was then carefully added to the solution under an argon blanket. The reaction mixture 
was further degassed for 5 min and then placed into a temperature controlled oil bath at 80 °C. After 
6 h, an aliquot was taken to check the conversion. The reaction was quenched by cooling to 0 °C in 
ice bath, exposed to air, and diluted with DCM (ca. 3 fold to the reaction mixture volume). The copper 
salts were removed by passage through an activated basic alumina column. The solution was 
concentrated by rotary evaporation and the polymer was recovered by precipitation into large volume 
of MeOH (20 fold excess to polymer solution) and vacuum filtration two times. The polymer was 
dried in high vacuo overnight at 25 °C, for 12 (Mn = 3220, PDI = 1.07; see SEC trace in Figure A2.20). 
Final conversion was calculated by gravimetry 47%.  The polymer was further characterized by 1H 
NMR (Figure A2.21) and MALDI-ToF (Figure A2.22). Another batch of ≡(HO)-PSTY25-Br, 12b 
(Mn = 3150, PDI = 1.07; SEC Figure A2.23; 
1H NMR Figure A2.24 and MALDI-ToF Figure A2.25) 
was also synthesized by following similar procedure.  
 
2.2.2.9 Synthesis of ≡(HO)-PSTY25-Br (12c) by ATRP 
Styrene (8.11g, 77.86×10-3 mol), PMDETA (0.17 mL, 8.1×10-4 mol), CuBr2/PMDETA 
(6.4×10-2 g,   4.05×10-4 mol) and initiator (0.5 g, 1.6277×10-3 mol) were added to a 100 mL schlenk 
flask equipped with a magnetic stirrer and purged with argon for 40 min to remove oxygen. Cu(I)Br 
(0.12
 
g, 8.1×10-4 mol) was then carefully added to the solution under an argon blanket. The reaction 
mixture was further degassed for 5 min and then placed into a temperature controlled oil bath at 80 
°C. After 4 h, an aliquot was taken to check the conversion. The reaction was quenched by cooling 
to 0 °C in ice bath, exposed to air, and diluted with THF (ca. 3 fold to the reaction mixture volume). 
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The copper salts were removed by passage through an activated basic alumina column. The solution 
was concentrated by rotary evaporation and the polymer was recovered by precipitation into large 
volume of MeOH (20 fold excess to polymer solution) and vacuum filtration two times. The polymer 
was dried in high vacuo overnight at 25 °C, SEC (Mn = 2890, PDI = 1.11; see SEC trace in Figure 
A2.26) (Table 2.1). Final conversion was calculated by gravimetry 53%. The polymer was further 
characterized by 1H NMR (Figure A2.27) and MALDI-ToF (Figure A2.28).  
 
2.2.2.10 Synthesis of ≡(HO)-PSTY25-N3 (13) by Azidation with NaN3 
Polymer 12c (2.9 g, 1.0×10-3 mol) was dissolved in 15 mL of DMF in a 20 mL reaction vessel 
equipped with a magnetic stirrer. To this solution NaN3 (1.6 g, 2.4×10
-2 mol) was added and the 
mixture stirred for 24 h at 25 oC. The polymer solution was directly precipitated into MeOH/H2O 
(95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered by vacuum filtration and 
washed exhaustively with water and MeOH. The polymer was dried under high vacuum for 24 h at 
25 °C; SEC (Mn = 2880, PDI = 1.11; Figure A2.29) (Table 2.1). The polymer was further 
characterized by 1H NMR (Figure A2.30) and MALDI-ToF (Figure A2.31). 
 
2.2.2.11 Synthesis of c-PSTY25-OH (14) 
Polymer 13 (2.0 g, 6.667×10-4 mol) in 80.0 ml of dry toluene and 6.97 mL of PMDETA 
(33.35×10-3 mol) in 80 mL of dry toluene in another flask were purged with argon for 45 min to 
remove oxygen. 4.78 g of CuBr (33.35×10-3 mol) was taken in a 250 mL of dry schlenk flask and 
maintained under an argon flow in the flask at the same time. A PMDETA solution was transferred 
to CuBr flask by applying argon pressure using a double tip needle to prepare CuBr/PMDETA 
complex. After complex formation, the polymer solution was added via syringe pump using a syringe 
with pre-filled argon. The feed rate of argon was set at 1.24 mL/min. After the addition of the polymer 
solution (after 65 min), the reaction mixture was further stirred for 3 h. At the end of this period (i.e., 
feed time plus an additional 3 h), toluene was evaporated by air-flow and the copper salts were 
removed by passage through an activated basic alumina column by adding few drops of glacial acetic 
acid. The solvent was removed by rotary evaporator and the polymer was recovered by precipitation 
into MeOH (20 fold excess to polymer solution) and collected by vacuum filtration followed by 
exhaustive washing with MeOH. The polymer was dried under high vacuum for 24 h at 25 °C. A 
small fraction of crude product was purified by preparative SEC for characterization. SEC (Mn = 
2140, PDI = 1.04; Figure A2.32) (Table 2.1), Triple Detection SEC (Mn = 2780, PDI = 1.016). The 
polymer was further characterized by 1H NMR (Figure A2.33) and MALDI-ToF (Figure A2.34). 
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2.2.2.12 Synthesis of c-PSTY25-Br (15) 
c-PSTY25-OH 14 (1.6 g, 5.867×10
-4 mol), TEA (1.63 mL, 11.73×10-3 mol) and 30.0 ml of dry 
THF were added under an argon blanket to a dry schlenk flask that has been flushed with argon. The 
reaction was then cooled on ice bath. To this stirred mixture, a solution of 2-bromopropionyl bromide 
(1.23 mL, 11.73×10-3 mol) in 10 mL of dry THF was added drop wise under argon via an air-tight 
syringe over 10 min. After stirring the reaction mixture for 48 h at room temperature, the crude 
polymer solution was added in 300 mL of acetone and filtered to remove salt precipitate. Solvent was 
removed by rotavap and precipitated into MeOH, filtered and washed three times with MeOH. A 
fraction of crude product was purified by preparative SEC for characterization. The polymer was 
dried for 24 h in high vacuum oven at 25 °C. SEC (Mn = 2350, PDI = 1.04; see SEC trace in Figure 
A2.35) (Table 2.1). The polymer was further characterized by 1H NMR (Figure A2.36) and MALDI-
ToF (Figure A2.37). 
 
2.2.2.13 Synthesis of c-PSTY25-N3 (16) 
Polymer c-PSTY25-Br 15 (1.5 g, 0.5×10
-3 mol) was dissolved in 15 mL of DMF in a 20 mL 
reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (1.6 g, 2.4×10
-2 mol) was 
added and the mixture stirred for 24 h at 25 oC. The polymer solution was directly precipitated into 
MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered by vacuum 
filtration and washed exhaustively with water and MeOH. The polymer was dried under high vacuum 
for 24 h at 25 °C; SEC (Mn = 2250, PDI = 1.04; Figure A2.38) (Table 2.1) and Triple Detection SEC 
(Mn = 2930, PDI = 1.02). The polymer was further characterized by 
1H NMR (Figure A2.39) and 
MALDI-ToF (Figure A2.40). 
 
2.2.2.14 Synthesis of c-PSTY25-≡ (17) 
Polymer c-PSTY25-N3 16 (0.4 g, 0.133×10
-3 mol), PMDETA (27.87×10-3 mL, 0.133×10-3 
mol) and methyl 3,5-bis (propargyloxyl) benzoate 5 (0.49
 
g, 1.99×10-3 mol) were dissolved in 3.0 mL 
toluene. CuBr (19.0×10-3 g, 1.33×10-4 mol) was added to a 10 mL schlenk flask equipped with 
magnetic stirrer and both of the reaction vessels were purged with argon for 20 min. The polymer 
solution was then transferred to CuBr flask by applying argon pressure using double tip needle. The 
reaction mixture was purged with argon for a further 2 min and the flask was placed in a temperature 
controlled oil bath at 25 °C for 1.5 h. The reaction was then diluted with THF (ca. 3 fold to the 
reaction mixture volume), and passed through activated basic alumina to remove the copper salts. 
The solution was concentrated by rotary evaporator and the polymer was recovered by precipitation 
into a large amount of MeOH (20 fold excess to polymer solution) and filtration. The polymer was 
purified by preparative SEC to remove excess linker as well as high MW impurities. After 
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precipitation and filtration, the polymer was dried in vacuo for 24 h at 25 °C. SEC (Mn=2440, 
PDI=1.04; see SEC trace in Figure A2.41) (Table 2.2) and Triple Detection SEC (Mn=3170, 
PDI=1.02). The polymer was further characterized by 1H NMR (Figure A2.42) and MALDI-ToF 
(Figure A2.43). 
 
2.2.2.15 Synthesis of TIPS-≡(HO)-PSTY28-Br (18), (18b)  
Styrene (8 g, 6.3×10-2 mol), PMDETA (1.3×10-1 mL, 6.4×10-4 mol), Cu(II)Br2/PMDETA 
(5.1×10-2 g, 1.29×10-4 mol) and initiator 2 (0.6 g, 1.2×10-3 mol) were added to a 20 mL schlenk flask 
equipped with a magnetic stirrer and purged with argon for 30 min to remove oxygen. Cu(I)Br 
(9.2×10-2 g, 6.4×10-4  mol) was then carefully added to the solution under an argon blanket. The 
reaction mixture was further degassed for 5 min and then placed into a temperature controlled oil bath 
at 80 °C. After 11 h an aliquot was taken to check the conversion. The reaction was quenched by 
cooling the reaction mixture to 0 °C, exposure to air, and dilution with THF. The copper salts were 
removed by passage through an activated basic alumina column. The solution was concentrated by 
rotary evaporator and the polymer was recovered by precipitation into large volume of MeOH (20 
fold excess to polymer solution) and vacuum filtration two times. The polymer was dried under high 
vacuum for 24 hr overnight at 25 °C. SEC (Mn = 3450, PDI = 1.06; see SEC trace in Figure A2.44) 
(Table 2.1). Final conversion was calculated by gravimetry (48%); 1H NMR (Figure A2.45) and 
MALDI-ToF (Figure A2.46). Another batch of TIPS-≡(HO)-PSTY28-Br, 18b (Mn = 3410, PDI = 1.08; 
SEC Figure A2.47) (Table2.); 1H NMR Figure A2.48; MALDI-ToF Figure A2.49) was also 
synthesized by following similar procedure. 
 
2.2.2.16 Synthesis of TIPS-≡-(OH)-PSTY28-N3 (19) by Azidation with NaN3 
Polymer TIPS-≡(OH)-PSTY28-Br 18 (1.4 g, 4.0×10-4 mol) was dissolved in 10 mL of DMF 
in a 20 mL reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (5.2×10
-1 g, 8.1×10-
3 mol) was added and the mixture stirred for 24 h at 25 oC. The polymer solution was directly 
precipitated into MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered 
by vacuum filtration and washed exhaustively with water and MeOH. The polymer was dried under 
high vacuum for 24 h at 25 °C; SEC (Mn = 3540, PDI = 1.05; Figure A2.50) (Table 2.1). The polymer 
was further characterized by 1H NMR (Figure A2.51) and MALDI-ToF (Figure A2.52). 
 
2.2.2.17 Synthesis of TIPS-≡-(OH)-PSTY28-N3 (19b) by Azidation with NaN3 
Polymer TIPS-≡(OH)-PSTY28-Br 18b (2.9 g, 8.5×10-4 mol) was dissolved in 15 mL of DMF 
in a reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (1.1 g, 1.7×10
-2 mol) was 
added and the mixture stirred for 24 h at 25 oC. The polymer solution was directly precipitated into 
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MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered by vacuum 
filtration and washed exhaustively with water and MeOH. The polymer was dried under high vacuum 
for 24 h at 25 °C; SEC (Mn = 3530, PDI = 1.07; Figure A2.53) (Table 2.1). The polymer was further 
characterized by 1H NMR (Figure A2.54) and MALDI-ToF (Figure A2.55). 
 
2.2.2.18 Synthesis of TIPS-≡(OH-PSTY28)2-Br (20) by CuAAC 
Polymer TIPS-≡(OH)-PSTY28-N3 19 (1.1 g, 3.1×10-4 mol), ≡(OH)-PSTY28-Br 12 (1.0 g, 
3.1×10-4 mol) and PMDETA  (6.4×10-2 mL, 3.1×10-4 mol) were dissolved in 10 mL of dry toluene in 
a 20 mL vial. Cu(I)Br (4.4×10-2 g, 3.1×10-4 mol) was taken in a 20 mL schlenk tube equipped with 
magnetic stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol). Both vessels were purged with argon 
for 30 min. The polymer solution was then transferred to the schlenk tube by applying argon pressure 
using double tip needle, and the schlenk tube was placed in a temperature controlled oil bath at 25 
°C. The reaction was stopped after 1.5 h and diluted with THF, and the copper salts were removed by 
passage through an activated basic alumina column. The solvent was removed by rotary evaporator 
and the polymer recovered by precipitated in 20-fold excess of MeOH, collected by vacuum filtration 
and washed exhaustively with MeOH. The polymer was dried under high vacuum for 24 h at 25 oC; 
SEC (Mn = 6480, PDI = 1.08; Figure A2.56) (Table 2.1). The polymer was further characterized by 
1H NMR (Figure A2.57) and MALDI-ToF (Figure A2.58). 
 
2.2.2.19 Synthesis of TIPS-≡(OH-PSTY28)2-Br (20b) by CuAAC 
Polymer TIPS-≡(OH)-PSTY28-N3 19b (2.8 g, 7.9×10-4 mol), ≡(OH)-PSTY28-Br 12b (2.49 g, 
7.9×10-4 mol) and PMDETA  (1.6×10-1 mL, 7.9×10-4 mol) were dissolved in 15 mL of dry toluene in 
a 20 mL vial. Cu(I)Br (1.13×10-1 g, 7.9×10-4 mol) was taken in a 25 mL schlenk flask equipped with 
magnetic stirrer wrapped with Cu wire (0.5 g, 7.8×10-3 mol). Both vessels were purged with argon 
for 30 min. The polymer solution was then transferred to the schlenk tube by applying argon pressure 
using double tip needle, and the schlenk tube was placed in a temperature controlled oil bath at 25 
°C. The reaction was stopped after 1.5 h and diluted with THF, and the copper salts were removed by 
passage through an activated basic alumina column. The solvent was removed by rotary evaporator 
and the polymer recovered by precipitated in 20-fold excess of MeOH, collected by vacuum filtration 
and washed exhaustively with MeOH. The polymer was dried under high vacuum for 24 h at 25 oC; 
SEC (Mn = 6610, PDI = 1.08; Figure A2.59) (Table 2.1). The polymer was further characterized by 
1H NMR (Figure A2.60) and MALDI-ToF (Figure A2.61). 
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2.2.2.20 Synthesis of TIPS-≡(OH-PSTY28)2-N3 (21) by Azidation with NaN3 
Polymer TIPS-≡(OH-PSTY28)2-Br 20 (1.9 g, 2.7×10-4  mol) was dissolved in 15 mL of DMF 
in a reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (3.5×10
-1 g, 5.4×10-3 mol) 
was added and the mixture stirred for 24 h at 25 oC. The polymer solution was directly precipitated 
into MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered by vacuum 
filtration and washed exhaustively with water and MeOH. The polymer was dried under high vacuum 
for 24 h at 25 °C; SEC (Mn = 6980, PDI = 1.08). The polymer was further purified by preparative 
SEC, and reprecipitated in 10x volume MeOH, and recovered by vacuum filtration. The polymer was 
dried under high vacuum for 24 h at 25 °C; SEC (Mn = 7000, PDI = 1.05; Figure A2.62) (Table 2.1). 
The polymer was further characterized by 1H NMR (Figure A2.63) and MALDI-ToF (Figure A2.64). 
 
2.2.2.21 Synthesis of TIPS-≡(OH-PSTY28)2-N3 (21b) by Azidation with NaN3 
Polymer TIPS-≡(OH-PSTY28)2-Br 20b (5.2 g, 7.8×10-4  mol) was dissolved in 25 mL of DMF 
in a reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (1.0 g, 1.5×10
-2 mol) was 
added and the mixture stirred for 24 h at 25 oC. The polymer solution was directly precipitated into 
MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered by vacuum 
filtration and washed exhaustively with water and MeOH. The polymer was dried under high vacuum 
for 24 h at 25 °C; SEC (Mn = 6660, PDI = 1.07; Figure A2.65) (Table 2.1). The polymer was further 
characterized by 1H NMR (Figure A2.66) and MALDI-ToF (Figure A2.67). 
 
2.2.2.22 Synthesis of TIPS-≡(Br-PSTY28)2-N3 (22)  
TIPS-≡(OH-PSTY28)2-Br 21 (0.2 g, 2.8×10-5  mmol) and TEA (1.5×10-1 mL, 1.1×10-3 mol) 
were dissolved in 2 ml of dry THF in a 10 mL schlenk tube and purged for 10 min. The reaction 
mixture was cooled on ice and a solution of 2-bromopropionyl bromide (1.2×10-1 mL, 1.1×10-3 mol) 
in 2 mL of dry THF was transferred drop-wise to the schlenk tube by applying argon pressure using 
double tip needle. The reaction mixture was further purged for 2 minutes and then stirred for 48 h at 
room temperature. The polymer was precipitated into MeOH, filtered and washed exhaustively with 
MeOH. The polymer was dried for 24 h under high vacuum at 25 °C. SEC (Mn
 
= 7170, PDI = 1.07; 
Figure A2.68) (Table 2.1). The polymer was further characterized by 1H NMR (Figure A2.69) and 
MALDI-ToF (Figure A2.70). 
 
2.2.2.23 Synthesis of TIPS-≡(Br-PSTY28)2-N3 (22b)  
TIPS-≡(OH-PSTY28)2-Br 21b (2.6 g, 3.9×10-4  mmol) and TEA (2.17 mL, 1.5×10-2 mol) were 
dissolved in 20 ml of dry THF in a 50 mL schlenk tube and purged for 15 min. The reaction mixture 
was cooled on ice and a solution of 2-bromopropionyl bromide (1.67 mL, 1.5×10-2 mol) in 5 mL of 
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dry THF was transferred drop-wise to the schlenk tube by applying argon pressure using double tip 
needle. The reaction mixture was further purged for 2 minutes and then stirred for 48 h at room 
temperature. The polymer was precipitated into MeOH, filtered and washed exhaustively with 
MeOH. The polymer was dried for 24 h under high vacuum at 25 °C. SEC (Mn
 
= 6830, PDI = 1.06). 
The polymer was further purified by preparative SEC, and reprecipitated in 10x volume MeOH, and 
recovered by vacuum filtration. The polymer was dried under high vacuum for 24 h at 25 °C; SEC 
(Mn = 7080, PDI = 1.04; Figure A2.71) (Table 2.1). The polymer was further characterized by 
1H 
NMR (Figure A2.72) and MALDI-ToF (Figure A2.73).  
 
2.2.2.24 Synthesis of TIPS-≡(N3-PSTY28)2-N3 (23) by Azidation with NaN3 
TIPS-≡(Br-PSTY28)2-N3 22 (0.17 g, 2.3×10-5 mol), was dissolved in 2.5 mL of DMF in a 
reaction vessel equipped with magnetic stirrer. To this solution, NaN3
 
(9.2×10-2 g, 1.4×10-3 mol) was 
added and the mixture stirred for 24 h at room temperature. The polymer solution was directly 
precipitated into MeOH/H2O (95/5, v/v) (20 fold excess to polymer solution) from DMF, recovered 
by vacuum filtration and washed exhaustively with water and MeOH. The polymer was dried under 
high vacuum for 24 h at 25 °C, SEC (Mn = 7180, PDI = 1.05). The polymer was further purified by 
preparative SEC, and reprecipitated in 10x volume MeOH, and recovered by vacuum filtration. The 
polymer was dried under high vacuum for 24 h at 25 °C; SEC (Mn = 7160, PDI = 1.03; Figure 2.3A) 
(Table 2.1). The polymer was further characterized by 1H NMR (Figure A2.74) and MALDI-ToF 
(Figure A2.75).  
 
2.2.2.25 Synthesis of TIPS-≡(OH-PSTY28)3-Br (24) by CuAAC 
Polymer TIPS-≡(OH-PSTY28)2-N3 21 (7.3×10-1 g, 1.0×10-4 mol) and ≡(OH)-PSTY28-Br 12 
(3.5×10-1 g, 1.0×10-4 mol) and PMDETA  (2.2×10-2 mL, 1.0×10-4 mol) were dissolved in 8 mL of dry 
toluene in a 20 mL vial. Cu(I)Br (1.5×10-2 g, 1.0×10-4 mol) was taken in a 20 mL schlenk tube 
equipped with magnetic stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol). Both vessels were 
purged with argon for 30 min. The polymer solution was then transferred to the schlenk tube by 
applying argon pressure using double tip needle, and the tube was placed in a temperature controlled 
oil bath at 25 °C. The reaction was stopped after 1.5 h and diluted with THF, and the copper salts 
were removed by passage through an activated basic alumina column. The solvent was removed by 
rotary evaporator and the polymer recovered by precipitated in 20-fold excess of MeOH, collected 
by vacuum filtration and washed exhaustively with MeOH. The polymer was dried under high 
vacuum for 24 h at 25 oC; SEC (Mn = 9050, PDI = 1.10; Figure A2.76) (Table 2.1). The polymer was 
further characterized by 1H NMR (Figure A2.77) and MALDI-ToF (Figure A2.78). 
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2.2.2.26 Synthesis of TIPS-≡(OH-PSTY28)3-N3 (25) by Azidation with NaN3 
Polymer TIPS-≡(OH-PSTY25)3-Br 24 (9.5×10-1  g, 9.2×10-5 mol) was dissolved in 10 mL of 
DMF in a reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (1.2×10
-1 g, 1.8×10-
3 mol) was added and the mixture stirred for 24 h at 25 oC. The polymer solution was directly 
precipitated into MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered 
by vacuum filtration and washed exhaustively with water and MeOH. The polymer was dried under 
high vacuum for 24 h at 25 °C; SEC (Mn = 8610, PDI = 1.16). The polymer was further purified by 
preparative SEC, and reprecipitated in 10x volume MeOH, and recovered by vacuum filtration. The 
polymer was dried under high vacuum for 24 h at 25 °C; SEC (Mn = 10670, PDI = 1.04; Figure A2.79) 
(Table 2.1). The polymer was further characterized by 1H NMR (Figure A2.80) and MALDI-ToF 
(Figure A2.81). 
 
2.2.2.27 Synthesis of TIPS-≡(Br-PSTY28)3-N3 (26) 
TIPS-≡(OH-PSTY28)3-N3 25 (0.19×10-1  g, 1.8×10-5  mmol), TEA (1.5×10-1 mL, 1.0×10-3 mol) 
were dissolved in 2 ml of dry THF in a 10 mL schlenk tube and purged for 10 min. The reaction 
mixture was cooled on ice and a solution of 2-bromopropionyl bromide (1.1×10-1 mL, 1.0×10-3 mol) 
in 2 mL of dry THF was transferred drop-wise to the schlenk tube by applying argon pressure using 
double tip needle. The reaction mixture was further purged for 2 minutes and then stirred for 48 h at 
room temperature. The polymer was precipitated into MeOH, filtered and washed exhaustively with 
MeOH. The polymer was dried for 24 h under high vacuum at 25 °C. SEC (Mn
 
= 9090, PDI = 1.12; 
Figure A2.82) (Table 2.1). The polymer was further characterized by 1H NMR (Figure A2.83) and 
MALDI-ToF (Figure A2.84). 
 
2.2.2.28 Synthesis of TIPS-≡(N3-PSTY28)3-N3 (27) 
TIPS-≡(Br-PSTY28)3-N3 26 (1.6×10-1 g, 1.4×10-5 mol), was dissolved in 3 mL of DMF in a 
reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (8.6×10
-2 g, 1.3×10-3 mol) was 
added and the mixture stirred for 24 h at 25 oC. The polymer solution was directly precipitated into 
MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered by vacuum 
filtration and washed exhaustively with water MeOH. The polymer was dried under high vacuum for 
24 h at 25 °C; SEC (Mn = 8970, PDI= 1.16). The polymer was further purified by preparative SEC, 
and reprecipitated in 10x volume MeOH, and recovered by vacuum filtration. The polymer was dried 
under high vacuum for 24 h at 25 °C; SEC (Mn = 10830, PDI = 1.03; Figure A2.B) (Table 2.1). The 
polymer was further characterized by 1H NMR (Figure A2.85) and MALDI-ToF (Figure A2.86). 
 
43 
 
2.2.2.29 Synthesis of TIPS-≡(HO-PSTY28)3-HO-( PSTY28-OH)3-≡-TIPS (28) by CuAAC 
Polymer TIPS-≡(OH-PSTY28)3-N3 25 (2.8×10-1 g, 2.6×10-5 mol), 2,2-
bis(propargyloxymethyl)propan-1-ol (2.5×10-3 g, 1.3×10-5 mol) and PMDETA  (1.0×10-2 mL, 
5.2×10-5 mol) were dissolved in 3 mL of dry toluene in a 7 mL vial. Cu(I)Br (7.5×10-3 g, 5.2×10-5 
mol) was taken in a 10 mL schlenk tube equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 
1.5×10-3 mol). Both vessels were purged with argon for 20 min. The polymer solution was then 
transferred to the schlenk tube by applying argon pressure using double tip needle, and the tube was 
placed in a temperature controlled oil bath at 25 °C. The reaction was stopped after 1.5 h and diluted 
with THF, and the copper salts were removed by passage through an activated basic alumina column. 
The solvent was removed by rotary evaporator and the polymer recovered by precipitated in 20-fold 
excess of MeOH, collected by vacuum filtration and washed exhaustively with MeOH. The polymer 
was dried under high vacuum for 24 h at 25 oC; SEC (Mn = 15450, PDI = 1.20; S87) (Table 2.1). The 
polymer was further characterized by 1H NMR (Figure A2.88) and MALDI-ToF (Figure A2.89). 
 
2.2.2.30 Synthesis of TIPS-≡(Br-PSTY28)3-Br-( PSTY28-Br)3-≡-TIPS (29)  
TIPS-≡(HO-PSTY28)3-HO-(PSTY28-OH)3-≡-TIPS 28 (2.2×10-1 g, 1.1×10-5  mmol), TEA 
(2.2×10-1 mL, 1.6×10-3 mol) were dissolved in 2 ml of dry THF in a 10 mL schlenk tube and purged 
for 10 min. The reaction mixture was cooled on ice and a solution of 2-bromopropionyl bromide 
(1.7×10-1 mL, 4.2×10-3 mol) in 2 mL of dry THF was transferred drop-wise to the schlenk tube by 
applying argon pressure using double tip needle. The reaction mixture was further purged for 2 
minutes and then stirred for 48 h at room temperature. The polymer was precipitated into MeOH, 
filtered and washed exhaustively with MeOH. The polymer was dried for 24 h under high vacuum at 
25 °C. SEC (Mn
 
= 17000, PDI = 1.12; see SEC trace in Figure A2.90) (Table 2.1). The polymer was 
further characterized by 1H NMR (Figure A2.91) and MALDI-ToF (Figure A2.92). 
 
2.2.2.31 Synthesis of TIPS-≡(N3-PSTY28)3-N3-(PSTY28-N3)3-≡-TIPS (30) by Azidation with 
NaN3 
TIPS-≡(Br-PSTY28)3-Br-(PSTY28-Br)3-≡-TIPS 29 (2.0×10-1 g, 9.4×10-6 mol), was dissolved 
in 2.5 mL of DMF in a reaction vessel equipped with a magnetic stirrer. To this solution NaN3 
(1.2×10-1 g, 1.9×10-3 mol) was added and the mixture stirred for 24 h at 25 oC. The polymer solution 
was directly precipitated into MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, 
recovered by vacuum filtration and washed exhaustively with water and MeOH. The polymer was 
dried under high vacuum for 24 h at 25 °C; SEC (Mn = 16810, PDI = 1.12). The polymer was further 
purified by preparative SEC, and reprecipitated in 10x volume MeOH, and recovered by vacuum 
filtration. The polymer was dried under high vacuum for 24 h at 25 °C; SEC (Mn = 21720, PDI = 
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1.04; Figure 2.3C) (Table 2.1). The polymer was further characterized by 1H NMR (Figure A2.93) 
and MALDI-ToF (Figure A2.94). 
 
2.2.2.32 Synthesis of tri-cyclic architecture (31) by CuAAC 
Polymer TIPS-≡(N3-PSTY28)2-N3 23 (3.1×10-2 g, 4.3×10-6 mol), polymer c-PSTY25-≡ 17 
(4.2×10-2 g, 1.7×10-5 mol) and PMDETA  (2.7×10-3 mL, 1.2×10-5 mol) were dissolved in 0.8 mL of 
dry toluene in a 4 mL vial. Cu(I)Br (1.8×10-3 g, 1.2×10-5 mol) was taken in a 10 mL schlenk tube 
equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels were purged 
with argon for 15 min. The polymer solution was then transferred to the schlenk tube by applying 
argon pressure using a double tip needle, and the tube was placed in a temperature controlled oil bath 
at 50 °C. The reaction was stopped after 1 h and diluted with THF, and the copper salts were removed 
by passage through an activated basic alumina column. The solvent was removed by rotary evaporator 
and the polymer recovered by precipitation in 20-fold excess of MeOH, collected by vacuum filtration 
and washed exhaustively with MeOH. The polymer was dried under high vacuum for 24 h at 25 oC; 
SEC (Mn = 13620, PDI = 1.13). The polymer was purified by preparative SEC to remove undesired 
high molecular weight polymer and residual reactant polymers. The polymer was reprecipitated in 
10x volume MeOH, and recovered by vacuum filtration. The polymer was dried under high vacuum 
for 24 h at 25 °C. SEC (Mn = 12620, PDI = 1.04; Figure 4A), Triple detection (Mn = 16990, PDI = 
1.01) (Table 2.2) and 1H NMR (Figure A2.95). 
 
2.2.2.33 Synthesis of tri-dendron architecture (32) by CuAAC 
Polymer TIPS-≡(N3-PSTY28)2-N3 23 (1.6×10-2 g, 2.2×10-6 mol), polymer (PSTY28)2-PSTY20-
≡ 11 (7.0×10-2 g, 8.9×10-6 mol) and PMDETA  (1.3×10-3 mL, 6.7×10-6 mol) were dissolved in 0.8 mL 
of dry toluene in a 4 mL vial. Cu(I)Br (9.6×10-4 g, 6.7×10-6 mol) was taken in a 10 mL schlenk tube 
equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels were purged 
with argon for 15 min. The polymer solution was then transferred to the schlenk tube by applying 
argon pressure using a double tip needle, and the tube was placed in a temperature controlled oil bath 
at 50 °C. The reaction was stopped after 1 h and diluted with THF, and the copper salts were removed 
by passage through an activated basic alumina column. The solvent was removed by rotary evaporator 
and the polymer recovered by precipitation in 20-fold excess of MeOH, collected by vacuum filtration 
and washed exhaustively with MeOH. The polymer was dried under high vacuum for 24 h at 25 oC; 
SEC (Mn = 22670, PDI = 1.26). The polymer was purified by preparative SEC to remove undesired 
high molecular weight polymer and residual reactant polymers. The polymer was reprecipitated in 
10x volume MeOH, and recovered by vacuum filtration. The polymer was dried under high vacuum 
45 
 
for 24 h at 25 °C. SEC (Mn = 27850, PDI = 1.07; Figure 4B), Triple detection (Mn = 33400, PDI = 
1.01) (Table 2.2) and 1H NMR (Figure A2.96). 
 
2.2.2.34 Synthesis of tetra-cyclic architecture (33) by CuAAC 
Polymer TIPS-≡(N3-PSTY28)3-N3 27 (3.2×10-2 g, 2.9×10-6 mol), polymer c-PSTY25-≡ 17 
(3.6×10-2 g, 1.4×10-5 mol) and PMDETA  (2.4×10-3 mL, 1.1×10-5 mol) were dissolved in 0.8 mL of 
dry toluene in a 4 mL vial. Cu(I)Br (1.6×10-3 g, 1.1×10-5 mol) was taken in a 10 mL schlenk tube 
equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels were purged 
with argon for 15 min. The polymer solution was then transferred to the schlenk tube by applying 
argon pressure using a double tip needle, and the tube was placed in a temperature controlled oil bath 
at 50 °C. The reaction was stopped after 1 h and diluted with THF, and the copper salts were removed 
by passage through an activated basic alumina column. The solvent was removed by rotary evaporator 
and the polymer recovered by precipitation in 20-fold excess of MeOH, collected by vacuum filtration 
and washed exhaustively with MeOH. The polymer was dried under high vacuum for 24 h at 25 oC; 
SEC (Mn = 22150, PDI = 1.18). The polymer was purified by preparative SEC to remove undesired 
high molecular weight polymer and residual reactant polymers. The polymer was reprecipitated in 
10x volume MeOH, and recovered by vacuum filtration. The polymer was dried under high vacuum 
for 24 h at 25 °C. SEC (Mn = 18980, PDI = 1.05; Figure 4C), Triple detection (Mn = 25240, PDI = 
1.02) (Table 2.2) and 1H NMR (Figure A2.97). 
 
2.2.2.35 Synthesis of tetra-dendron architecture (34) by CuAAC 
Polymer TIPS-≡(N3-PSTY28)3-N3 27 (1.8×10-2 g, 1.6×10-6 mol), polymer (PSTY28)2-PSTY20-
≡ 11 (6.5×10-2 g, 8.3×10-6 mol) and PMDETA  (1.3×10-3 mL, 6.6×10-6 mol) were dissolved in 0.8 mL 
of dry toluene in a 4 mL vial. Cu(I)Br (9.5×10-4 g, 6.6×10-6 mol) was taken in a 10 mL schlenk tube 
equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels were purged 
with argon for 15 min. The polymer solution was then transferred to the schlenk tube by applying 
argon pressure using a double tip needle, and the tube was placed in a temperature controlled oil bath 
at 50 °C. The reaction was stopped after 1 h and diluted with THF, and the copper salts were removed 
by passage through an activated basic alumina column. The solvent was removed by rotary evaporator 
and the polymer recovered by precipitation in 20-fold excess of MeOH, collected by vacuum filtration 
and washed exhaustively with MeOH. The polymer was dried under high vacuum for 24 h at 25 oC; 
SEC (Mn = 25320, PDI = 1.49). The polymer was purified by preparative SEC to remove undesired 
high molecular weight polymer and residual reactant polymers. The polymer was reprecipitated in 
10x volume MeOH, and recovered by vacuum filtration. The polymer was dried under high vacuum 
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for 24 h at 25 °C. SEC (Mn = 37570, PDI = 1.08; Figure 4D), Triple detection (Mn = 45240, PDI = 
1.01) (Table 2.2) and 1H NMR (Figure A2.98). 
 
2.2.2.36 Synthesis of hepta-cyclic architecture (35) by CuAAC 
Polymer TIPS-≡(N3-PSTY28)3-N3-(PSTY28-N3)3-≡-TIPS 30 (4.2×10-2 g, 1.9×10-6 mol), 
polymer c-PSTY25-≡ 17 (3.7×10-2 g, 1.5×10-5 mol) and PMDETA  (2.8×10-3 mL, 1.3×10-5 mol) were 
dissolved in 0.8 mL of dry toluene in a 4 mL vial. Cu(I)Br (1.9×10-3 g, 1.3×10-5 mol) was taken in a 
10 mL schlenk tube equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both 
vessels were purged with argon for 15 min. The polymer solution was then transferred to the schlenk 
tube by applying argon pressure using a double tip needle, and the tube was placed in a temperature 
controlled oil bath at 50 °C. The reaction was stopped after 1 h and diluted with THF, and the copper 
salts were removed by passage through an activated basic alumina column. The solvent was removed 
by rotary evaporator and the polymer recovered by precipitation in 20-fold excess of MeOH, collected 
by vacuum filtration and washed exhaustively with MeOH. The polymer was dried under high 
vacuum for 24 h at 25 oC; SEC (Mn = 36630, PDI = 1.17). The polymer was purified by preparative 
SEC to remove undesired high molecular weight polymer and residual reactant polymers. The 
polymer was reprecipitated in 10x volume MeOH, and recovered by vacuum filtration. The polymer 
was dried under high vacuum for 24 h at 25 °C. SEC (Mn = 33610, PDI = 1.06; Figure 4E), Triple 
detection (Mn = 42940, PDI = 1.01) (Table 2.2) and 
1H NMR (Figure A2.99). 
 
2.2.2.37 Synthesis of hepta-dendron architecture (36) by CuAAC 
Polymer TIPS-≡(N3-PSTY28)3-N3-(PSTY28-N3)3-≡-TIPS 30 (2.1×10-2 g, 9.6×10-7 mol), 
polymer (PSTY28)2-PSTY20-≡ 11 (6.0×10-2 g, 7.7×10-6 mol) and PMDETA  (1.4×10-3 mL, 6.7×10-6 
mol) were dissolved in 0.8 mL of dry toluene in a 4 mL vial. Cu(I)Br (9.7×10-4 g, 9.9×10-6 mol) was 
taken in a 10 mL schlenk tube equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 
mol). Both vessels were purged with argon for 15 min. The polymer solution was then transferred to 
the schlenk tube by applying argon pressure using a double tip needle, and the tube was placed in a 
temperature controlled oil bath at 50 °C. The reaction was stopped after 1 h and diluted with THF, 
and the copper salts were removed by passage through an activated basic alumina column. The 
solvent was removed by rotary evaporator and the polymer recovered by precipitation in 20-fold 
excess of MeOH, collected by vacuum filtration and washed exhaustively with MeOH. The polymer 
was dried under high vacuum for 24 h at 25 oC; SEC (Mn = 38830, PDI = 1.21). The polymer was 
purified by preparative SEC to remove undesired high molecular weight polymer and residual 
reactant polymers. The polymer was reprecipitated in 10x volume MeOH, and recovered by vacuum 
filtration. The polymer was dried under high vacuum for 24 h at 25 °C. SEC (Mn = 70950, PDI = 
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1.12; Figure 4E), Triple detection (Mn = 83100, PDI = 1.01) (Table 2.2) and 
1H NMR (Figure 
A2.100). 
 
2.2.2.38 Synthesis of TIPS-≡(HO-PSTY28)2-≡ (37) by CuAAC 
Polymer TIPS-≡(OH-PSTY28)2-N3 21b (2.5 g, 3.7×10-4 mol) and propargyl ether (7.0×10-1 g, 
7.5×10-3 mol) and PMDETA  (7.8×10-2 mL, 3.7×10-4 mol) were dissolved in 10 mL of dry toluene in 
a 20 mL vial. Cu(I)Br (5.3×10-2 g, 3.7×10-4 mol) was taken in a 20 mL schlenk tube equipped with 
magnetic stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol). Both vessels were purged with argon 
for 30 min. The polymer solution was then transferred to the schlenk tube by applying argon pressure 
using a double tip needle, and the tube was placed in a temperature controlled oil bath at 25 °C. The 
reaction was stopped after 1.5 h and diluted with THF, and the copper salts were removed by passage 
through an activated basic alumina column. The solvent was removed by rotary evaporator and the 
polymer recovered by precipitated in 20-fold excess of MeOH, collected by vacuum filtration and 
washed exhaustively with MeOH. The polymer was dried under high vacuum for 24 h at 25 oC; SEC 
(Mn = 6700, PDI = 1.08). The polymer was purified by preparative SEC and recovered by 
precipitation. The polymer was dried under high vacuum for 24 h at 25 °C. SEC (Mn = 6820, PDI = 
1.07; Figure A2.101) (Table 2.1). The polymer was further characterized by 1H NMR (Figure A2.102) 
and MALDI-ToF (Figure A2.103). 
 
2.2.2.39 Synthesis of TIPS-≡(Br-PSTY28)2-(HO-PSTY28)2-≡-TIPS (38) by CuAAC 
Polymer TIPS-≡(Br-PSTY28)2-N3 22b (1.6 g, 2.3×10-4 mol), TIPS-≡(HO-PSTY28)2-≡ 37 (1.6 
g, 2.3×10-4 mol) and PMDETA  (4.9×10-2 mL, 2.3×10-4 mol) were dissolved in 10 mL of dry toluene 
in a 20 mL vial. Cu(I)Br (3.3×10-2 g, 2.3×10-4 mol) was taken in a 20 mL schlenk tube equipped with 
magnetic stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol). Both vessels were purged with argon 
for 30 min. The polymer solution was then transferred to the schlenk tube by applying argon pressure 
using a double tip needle, and the tube was placed in a temperature controlled oil bath at 25 °C. The 
reaction was stopped after 1.5 h and diluted with THF, and the copper salts were removed by passage 
through an activated basic alumina column. The solvent was removed by rotary evaporator and the 
polymer recovered by precipitated in 20-fold excess of MeOH, collected by vacuum filtration and 
washed exhaustively with MeOH. The polymer was dried under high vacuum for 24 h at 25 oC; SEC 
(Mn = 12770, PDI = 1.18; Figure A2.104) (Table 2.1). The polymer was further characterized by 
1H 
NMR (Figure A2.105) and MALDI-ToF (Figure 5A). 
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2.2.2.40 Synthesis of TIPS-≡(N3-PSTY28)2-(HO-PSTY28)2-≡-TIPS (39) by Azidation with NaN3 
TIPS-≡(Br-PSTY28)2-(HO-PSTY28)2-≡-TIPS 38 (3.1 g, 2.2×10-4 mol), was dissolved in 20 
mL of DMF in a reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (5.7×10
-1 g, 
8.9×10-3 mol) was added and the mixture stirred for 24 h at 25 oC. The polymer solution was directly 
precipitated into MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered 
by vacuum filtration and washed exhaustively with water and MeOH. The polymer was dried under 
high vacuum for 24 h at 25 °C; SEC (Mn = 12630, PDI = 1.13). The polymer was further purified by 
preparative SEC, and reprecipitated in 10x volume MeOH, and recovered by vacuum filtration. The 
polymer was dried under high vacuum for 24 h at 25 °C; SEC (Mn = 13320, PDI = 1.05; Figure 
A2.106) (Table 2.1). The polymer was further characterized by 1H NMR (Figure A2.107) and 
MALDI-ToF (Figure 5B). 
 
2.2.2.41 Synthesis of TIPS-≡(Dendron-PSTY28)2-(HO-PSTY28)2-≡-TIPS (40) by CuAAC 
Polymer TIPS-≡(N3-PSTY28)2-(HO-PSTY28)2-≡-TIPS 39 (1.4×10-1 g, 6.4×10-6 mol), polymer 
(PSTY28)2-PSTY20-≡ 11 (1.5×10-1 g, 1.9×10-5 mol) and PMDETA  (2.6×10-3 mL, 1.2×10-5 mol) were 
dissolved in 3 mL of dry toluene in a 7 mL vial. Cu(I)Br (1.8×10-3 g, 2.6×10-3 mol) was taken in a 10 
mL schlenk tube equipped with magnetic stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol). Both 
vessels were purged with argon for 30 min. The polymer solution was then transferred to the schlenk 
tube by applying argon pressure using a double tip needle, and the tube was placed in a temperature 
controlled oil bath at 50 °C. The reaction was stopped after 1 h and diluted with THF, and the copper 
salts were removed by passage through an activated basic alumina column. The solvent was removed 
by rotary evaporator and the polymer recovered by precipitation in 20-fold excess of MeOH, collected 
by vacuum filtration and washed exhaustively with MeOH. The polymer was dried under high 
vacuum for 24 h at 25 oC; SEC (Mn = 21320, PDI = 1.29; Figure A2.108) (Table 2.1), 
1H NMR 
(Figure A2.109). 
 
2.2.2.42 Synthesis of TIPS-≡(Dendron-PSTY28)2-(Br-PSTY28)2-≡-TIPS (41)  
TIPS-≡(Dendron-PSTY28)2-(HO-PSTY28)2-≡-TIPS 40 (2.3×10-1 g, 8.1×10-6  mmol), TEA 
(4.5×10-2 mL, 3.2×10-4 mol) were dissolved in 2 ml of dry THF in a 10 mL schlenk tube and purged 
for 10 min. The reaction mixture was cooled on ice and a solution of 2-bromopropionyl bromide 
(3.5×10-2 mL, 4.2×10-3 mol) in 2 mL of dry THF was transferred drop-wise to the schlenk tube by 
applying argon pressure using double tip needle. The reaction mixture was further purged for 2 
minutes and then stirred for 48 h at room temperature. The polymer was precipitated into MeOH, 
filtered and washed exhaustively with MeOH. The polymer was dried for 24 h under high vacuum at 
25 °C. SEC (Mn
 
= 22880, PDI = 1.23; Figure A2.110) (Table 2.1), 1H NMR (Figure A2.111). 
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2.2.2.43 Synthesis of TIPS-≡(Dendron-PSTY28)2-(N3-PSTY28)2-≡-TIPS by Azidation with NaN3 
(42) 
TIPS-≡(Dendron-PSTY28)2-(Br-PSTY28)2-≡-TIPS 41 (1.9×10-1 g, 6.7×10-6 mol), was 
dissolved in 2.5 mL of DMF in a reaction vessel equipped with a magnetic stirrer. To this solution 
NaN3 (2.6×10
-2 g, 4.0×10-4 mol) was added and the mixture stirred for 24 h at 25 oC. The polymer 
solution was directly precipitated into MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) 
from DMF, recovered by vacuum filtration and washed exhaustively with water and MeOH. The 
polymer was dried under high vacuum for 24 h at 25 °C; SEC (Mn = 21580, PDI = 1.26). The polymer 
was further purified by preparative SEC, and reprecipitated in 10x volume MeOH, and recovered by 
vacuum filtration. The polymer was dried under high vacuum for 24 h at 25 °C; SEC (Mn = 27690, 
PDI = 1.08; Figure 2.6A), Triple detection (Mn = 31950, PDI = 1.01) (Table 2.2), 
1H NMR (Figure 
A2.114). 
 
2.2.2.44 Synthesis of TIPS-≡(Dendron-PSTY28)2-(Cyclic-PSTY28)2-≡-TIPS (43) by CuAAC 
Polymer TIPS-≡(Dendron-PSTY28)2-(N3-PSTY28)2-≡-TIPS 42 (7.0×10-2 g, 2.4×10-6 mol), 
polymer c-PSTY25-≡ 17 (1.7×10-2 g, 7.2×10-6 mol) and PMDETA  (1.0×10-3 mL, 4.8×10-6 mol) were 
dissolved in 0.8 mL of dry toluene in a 4 mL vial. Cu(I)Br (6.9×10-4 g, 4.8×10-6 mol) was taken in a 
10 mL schlenk tube equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both 
vessels were purged with argon for 15 min. The polymer solution was then transferred to the schlenk 
tube by applying argon pressure using a double tip needle, and the tube was placed in a temperature 
controlled oil bath at 50 °C. The reaction was stopped after 1 h and diluted with THF, and the copper 
salts were removed by passage through an activated basic alumina column. The solvent was removed 
by rotary evaporator and the polymer recovered by precipitation in 20-fold excess of MeOH, collected 
by vacuum filtration and washed exhaustively with MeOH. The polymer was dried under high 
vacuum for 24 h at 25 oC; SEC (Mn = 31440, PDI = 1.16). The polymer was purified by preparative 
SEC to remove undesired high molecular weight polymer and residual reactant polymers. The 
polymer was reprecipitated in 10x volume MeOH, and recovered by vacuum filtration. The polymer 
was dried under high vacuum for 24 h at 25 °C. SEC (Mn = 31170, PDI = 1.08; Figure 2.6B), Triple 
detection (Mn = 38520, PDI = 1.01) and 
1H NMR (Figure A2.115) (Table 2.2). 
 
2.2.3 Analytical Methodologies 
 
Size exclusion chromatography (SEC).  
The molecular weight distributions of the polymers were determined using a Waters 2695 
separation module, fitted with a Waters 410 refractive index detector maintained at 35 °C, a Waters 
996 photodiode array detector, and two Ultrastyragel linear columns (7.8 × 300 mm) arranged in 
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series. These columns were maintained at 40 °C for all analyses and were capable of separating 
polymers in the molecular weight range from 500 to 4 million g mol−1 with high resolution. HPLC 
grade THF was used as the eluent and all samples were eluted at a flow rate of 1.0 mL min−1. 
Calibration was performed using narrow molecular weight polystyrene (PSTY) standards (PDIRI ≤ 
1.1) ranging from 500 to 2 million g mol−1. Data acquisition was performed using Empower software, 
and molecular weights were calculated relative to polystyrene standards. 
 
Absolute molecular weight determination by triple detection SEC.  
Absolute molecular weights of polymers were determined using a Polymer Laboratories 
GPC50 Plus equipped with a dual angle laser light scattering detector, a viscometer, and a differential 
refractive index detector. HPLC grade N,N-dimethylacetamide (DMAc, containing 0.03 wt% LiCl) 
was used as the eluent at a flow rate of 1.0 mL min−1. Separations were achieved using two PLGel 
Mixed B (7.8 × 300 mm) SEC columns connected in series and held at a constant temperature of 50 
°C. The triple detection system was calibrated using a 2 mg mL−1 PSTY standard (Polymer 
Laboratories: Mw = 110 K, dn/dc = 0.16 mL g
−1 and IV = 0.5809). Samples of known concentration 
were freshly prepared in DMAc + 0.03 wt% LiCl and passed through a 0.45 μm PTFE syringe filter 
prior to injection. The absolute molecular weights and dn/dc values were determined using Polymer 
Laboratories Multi Cirrus software based on the quantitative mass recovery technique. 
 
Preparative size exclusion chromatography (Prep SEC).  
Crude polymers were fractionated (i.e., purified) using a Varian Pro-Star preparative SEC 
system equipped with a manual injector, differential refractive index detector, and single wavelength 
ultraviolet visible detector. The flow rate was maintained at 10 mL min−1 and HPLC grade 
tetrahydrofuran was used as the eluent. Separations were achieved using a PL Gel 10 μm 10 × 103 
Å, 300 × 25 mm preparative SEC column at 25 °C. The dried crude polymer was dissolved in THF 
at 100 mg mL−1 and filtered through a 0.45 μm PTFE syringe filter prior to injection. Fractions were 
collected manually, and the composition of each was determined using the Polymer Laboratories 
GPC50 Plus equipped with a triple detection system as described above. 
 
Nuclear magnetic resonance (NMR).  
All NMR spectra were recorded on a Bruker DRX 500 MHz spectrometer using an external 
lock (CDCl3) and referenced to the residual nondeuterated solvent (CHCl3). A DOSY experiment was 
performed for polymer samples to suppress solvent peaks that could interfere with the integration. 
The spectra were recorded with the pulse gradient increasing from 2 to 85% of the maximum gradient 
strength and the d (p30) from 1 to 2 ms, with 64–128 scans.  
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Matrix-assisted laser desorption ionization-time-of-flight (MALDI-ToF) mass spectrometry.  
MALDI-ToF MS spectra were obtained using a Bruker MALDI-ToF autoflex III smart beam 
equipped with a nitrogen laser (337 nm, 200 Hz maximum firing rate) with a mass range of 600–
400000 Da. Spectra were recorded in both reflectron mode (500–5000 Da) and linear mode  (5000–
20 000Da). trans-2-[3-(4-tert-Butylphenyl)-2-methylpropenylidene]malononitrile (DCTB; 20 mg 
mL−1 in THF) was used as the matrix and Ag(CF3COO) (1 mg mL
−1 in THF) as the cation source of 
all the polystyrene samples. A 20 μL polymer solution (1 mg mL−1 in THF), a 20 μL DCTB solution, 
and a 2 μL Ag(CF3COO) solution were mixed in an Eppendorf tube, vortexed, and centrifuged. A 1 
μL sample of solution was placed on the target plate spot, the solvent was evaporated under ambient 
conditions, and the measurement was performed. 
 
LND simulation.  
We used a log-normal distribution (LND) model based on a Gaussian function to fit the 
experimental MWD. One can simulate the molecular weight distributions, and in particular the weight 
distribution, with a log-normal distribution36-38 (see ref. 36–38 for more details) using the following 
equations:  
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2.3 Results and discussion 
 
2.3.1 Synthesis of an alkyne functional dendron and cyclic 
A 1st generation dendron with an alkyne chain-end functionality (11) was constructed by 
initially coupling 7 and 8 to form 9 under rapid CuAAC conditions (i.e. toluene and PMDETA) at 50 
°C (Scheme 2.6). To enhance the CuAAC efficiency, copper wire was added to the Cu(I)Br/PMDETA 
complex to drive the formed Cu(II) species back to Cu(I) through comproportionation. In addition, 
to minimize the amount of Glaser coupling (i.e. alkyne–alkyne coupling) between two or 
more 8 polymer chains, polymer 8 was fed into a solution of 7 at a feed rate of 100 μL min−1 over 60 
min and reacted for a further 60 min to ensure complete coupling. 
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Scheme 2.6 Synthesis of alkyne functional cyclic and dendron polymers by the CuAAC ‘click’ 
reaction. Conditions: (a) azidation: NaN3 in DMF at 25 °C, (b) CuAAC (feed): CuBr, PMDETA in 
toluene by feed at 50 °C, CuAAC (25 °C): CuBr, PMDETA in toluene at 25 °C (one pot), (c) 
cyclization: CuBr, PMDETA in toluene by feed at 25 °C, (d) bromination: 2-BPB, TEA in THF; 0 
°C – RT. 
 
The SEC chromatograms for the reaction are shown in Figure 2.1A. A high molecular weight 
peak was observed with an Mn of 7710 determined by the LND model, and corresponds to 
an Mn taking into account the lower coil size (i.e. Mn,LND/Mn,absolute = 0.93) in agreement with the 
previous coil changes for three-arm stars.24 The LND modelling36 of the SEC chromatogram showed 
that 9 was 88% pure with small amounts of 7 (3%), 8 (1%), and 2-arm product from either non-
complete coupling or Glaser coupling (3%) and a high molecular weight product (3%). The MALDI 
of 9 (Figure 2.2A) showed a narrow distribution with a peak molecular weight of 7900, which is close 
to the theoretical peak maximum38 (Mp,theory = 7967). The loss of HBr was due to fragmentation during 
the MALDI analysis.39-40 The Br-group on 9 was azidated to give 10 as determined from the new 
peak at 3.9 ppm by 1H NMR (see Figure A2.17) with no distinct change in the SEC chromatogram 
(Figure 2.1B), but MALDI showed quantitative conversion to the azide end-group (Figure 2.2B). The 
precursor dendron 11 was formed from the CuAAC reaction of 10 with an excess dialkyne linker 
(propargyl ether) with again little change in the SEC chromatogram. Disappearance of the methine 
proton (CH–N3) at ∼3.9 ppm in the 1H-NMR (Figure A2.17) indicated quantitative coupling. 
Polymer 11 was further purified by preparative SEC with a purity of 98% by the LND method (Figure 
2.1B), and the high purity was supported by MALDI (Figure 2.2C). 
 
 
 
 
 
8, (≡)2PSTY20-Br
6, PSTY28-Br
11
7, PSTY28-N3 (i) CuAAC (feed)
9, (PSTY28)2-PSTY20-Br 10, (PSTY28)2-PSTY20-N3
11, (PSTY28)2-PSTY20-≡
12, ≡(HO)-PSTY25-Br 13, ≡(HO)-PSTY25-N3 14, cyclic-PSTY25-OH 16, cyclic-PSTY25-N3 17, cyclic-PSTY25-≡
(i) Azidation (i) Azidation
(i) CuAAC (25  C)
(i) Azidation (i) Cyclization
(i) Bromination
(ii) Azidation (i) CuAAC (25  C)
≡
≡≡
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Table 2.1: Purity, Coupling efficiency, Molecular Weight Data (RI and Triple Detection) and change 
in Hydrodynamic Volume for all starting building blocks and products 
 
aThe molecular weight distribution from SEC (RI detector) was based on a PSTY calibration curve. bCuAAC coupling 
efficiency was determined from the RI SEC traces, and calculated as follows: purity (LND)/max. purity by theory ×100. 
cThe molecular weight distribution determined from DMAc Triple Detection SEC with 0.03 wt % of LiCl as eluent. dPDI 
values from triple detection underestimate the true PDI values since light scattering is less sensitive to the low molecular 
weight part of the distribution. e(Mn,RI/Mn,TD).  
 
 
Polymer RI detectiona Purity by LND 
Coupling 
efficiency  
(%)b LND 
Mn by  
NMR 
Triple detectionc 
(Mn,RI/Mn,TD)e 
 
 Mn Mp PDI    Mn Mp PDId  
6 2820 2950 1.10   3110     
7 2900 3050 1.10   3110     
8 2300 2410 1.09   2430     
9 6990 7850 1.13 88 90 8750 8590 8690 1.014  
10 7280 8000 1.11 88  8760 8680 8750 1.01  
11_crude 7510 8140 1.10 88       
11_prep 7860 8080 1.03 98  8850 8640 8980 1.009 0.89 
12 3220 3290 1.07   3250     
12b 3150 3250 1.09   3250     
12c 2890 2900 1.11   3120     
13 2880 2900 1.11   2980     
14_crude 2550 2200 1.57 84       
14_prep 2140 2180 1.04 99  2980 2780 2860 1.016  
15 2350 2400 1.04   3110     
16 2250 2300 1.04   3180 2930 3090 1.018  
17 2440 2470 1.04   3520 3170 3320 1.021 0.77 
18 3450 3570 1.06   3460     
18b 3410 3550 1.08   3460     
19 3540 3630 1.05   3470     
19b 3530 3660 1.07   3470     
20 6480 6950 1.08 93 93 7030     
20b 6610 6860 1.08 92 93      
21_crude 6980 6990 1.08 92       
21_prep 7000 7110 1.05 98  7020     
21b_ crude 6660 6940 1.07 92       
22 7170 7210 1.07   7320     
22b_ crude 6830 7090 1.06 92       
22b _prep 7080 7220 1.04 99.5  7220     
23_ crude 7180 7210 1.05 95       
23_prep 7160 7270 1.03 99  7350     
24 9050 10260 1.10  87 10460     
25_ crude 8610 10470 1.16 84       
25_prep 10670 10770 1.04 98       
26 9090 10750 1.12 86  10910     
27_ crude 8970 10730 1.16 85       
27_prep 10830 10980 1.03 98  10930     
28 15450 20620 1.20 75 75 21100     
29 17000 21180 1.12 77  22180     
30_crude 16810 21150 1.12 75       
30_prep 21720 21990 1.04 98  22170     
37_crude 6700 6900 1.08 92       
37_prep 6820 7020 1.07 99.5  6880     
38_crude 12770 13900 1.18 85  16690     
39_crude 12630 13950 1.13 80       
39_prep 13320 13750 1.05 97  15600     
40_crude 21320 28240 1.29 81 92 32160     
41_crude 22880 28170 1.23 81  32670     
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Figure 2.1 Molecular weight distributions (MWDs) obtained from SEC-RI based on a polystyrene 
calibration curve for starting polymers and products. (A) Curves (a) 7, (b) 8, (c) 9 crude, (d) LND 
of 9 crude. (B) Curves (a) 9 crude, (b) 10 crude, (c) 11 crude, (d) 11 purified by preparative SEC, (e) 
LND of purified 11. All SEC traces were recorded based on PSTY calibration and normalized by 
weight fraction. 
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Figure 2.2 MALDI-ToF mass spectra of (A) (PSTY28)2-PSTY20-Br dendron (9), (B) (PSTY28)2-
PSTY20-N3 dendron (10), and (PSTY28)2-PSTY20-≡ dendron (11). 
 
The formation of the alkyne functional cyclic polystyrene 17 followed our previous 
procedure.29 The advantage of using the methyl 3,5-bis(prop-2-yn-1-yloxy)benzoate linker is that 
benzoate can potentially be hydrolysed to a carboxylic acid or reduced to form a benzyl alcohol if 
further coupling reactions are warranted. Purification of 17 by preparative SEC gave an Mn,absolute of 
3170 and a purity of 98%. The ratio of Mn,LND/Mn,absolute for the cyclic was 0.77 in accord with the 
results found in the literature;4, 25, 41 a decrease that was much less than for the dendron. The 
hydrodynamic coil radius, Rh, of the polymer structure was calculated from SEC using the 
hydrodynamic polystyrene (PSTY) coil radius equivalence (i.e. from using a PSTY calibration 
curve)36 using the following relationship:29, 36  
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Table 2.2: SEC and DLS data of the various polymer architectures. 
Polym 
SEC (RI) Purity  Mn 
SEC (triple 
detection) 
Mn,RI/Mn,TD Vh,SEC/Vh,abs 
Rh (nm) 
Mn Ðb LND (%) 
Coupling 
Efficiencya (%) Theory Mn Ðb 
SEC 
(THF) 
DLS 
(THF) 
11 (prep) 7859 1.03 98   8641 1.01 0.89 0.82   
17 2440 1.04 99   3170 1.02 0.77 0.64   
31 (crude) 13617 1.13 76 82        
31 (prep) 12616 1.04 95  16905 16991 1.01 0.74 0.60 2.76 2.56 
32 (crude) 22667 1.26 77 87        
32 (prep) 27851 1.075 95  33385 33403 1.01 0.83 0.73 4.32 4.15 
33 (crude) 22147 1.18 70 78        
33 (prep) 18977 1.05 93  25814 25235 1.02 0.75 0.62 3.37 2.95 
34 (crude) 25321 1.49 73 86        
34 (prep) 37568 1.08 93  45511 45242 1.01 0.83 0.73 5.06 4.70 
35 (crude) 36630 1.17 71 75        
35 (prep) 33606 1.06 94  43274 42935 1.01 0.78 0.66 4.80 4.20 
36 (crude) 38828 1.21 79 86        
36 (prep) 70953 1.12 91  82915 83098 1.01 0.85 0.76 7.34 5.88 
42 (crude) 21583 1.26 81 92        
42 (prep) 27690 1.08 95  31856 31954 1.01 0.87 0.79 4.30 4.05 
43 (crude) 31438 1.16 77 88        
43 (prep) 31169 1.08 95  38796 38518 1.01 0.81 0.69 4.60 4.10 
aCuAAC coupling efficiency was determined from the RI SEC traces, and calculated as follows: purity (LND)/max. purity 
by theory × 100. bĐ values from triple detection underestimate the true Đ values since light scattering is less sensitive to 
the low molecular weight part of the distribution. 
 
where K = 0.0141 cm3 g−1, a = 0.7 (in a good solvent), NA is Avogadro's number and Mn is 
the number-average molecular weight found using a linear PSTY calibration curve. Using eqn (4), 
the ratio of the hydrodynamic volume of the dendron 11 to its linear analogue was 0.82 (= Vh/Vh,abs), 
and this ratio decreases significantly to 0.64 for the cyclic 17 (Table 2.2). 
 
2.3.2 Synthesis of linear precursor PSTY with equally spaced azide functionality 
The synthetic strategy to produce a linear precursor polymer with equally spaced azide groups 
along the chain backbone is given in Scheme 2.7. Coupling of 19 with 12via the CuAAC reaction 
gave 20 with a near quantitative efficiency (curve c in Figure 2.3A) with a purity and coupling 
efficiency of 93% determined by the LND method (Table 2.1) and unreacted 12 (3%) and 19 (4%). 
Azidation of the Br-group produced 21 which gave a similar purity to 20, which was then fractionated 
by preparative SEC (with 98% purity) as this structure would be the most chemically stable under 
preparative conditions. The alcohol groups on 21 were converted to bromine groups by an 
esterification reaction with 2-bromopropionyl bromide (BPB) in quantitative yield (see 1H NMR 
Figure A2.63). The bromine groups were then quantitatively reacted with NaN3 to produce 23 with 
three equally spaced azide groups on the polymer backbone. 
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Scheme 2.7 Synthesis of equally spaced azide functionalized polymers, which were coupled to cyclic 
and dendron polymers to form Combs. Conditions: (a) azidation: NaN3 in DMF at 25 °C, (b) CuAAC 
(25 °C): CuBr, PMDETA in toluene by at 25 °C (one pot), CuAAC (50 °C): CuBr, PMDETA in 
toluene at 50 °C (one pot), (c) bromination: 2-BPB, TEA in THF; 0 °C – RT. 
 
The sequential reaction of 21 with 12 gave a high molecular weight peak corresponding to 
that for 24 (curve c in Figure 2.3B) with a purity of 87% (Table 2.1). The high purity of 24 was 
supported by a single species in the MALDI-ToF spectra (found 10194.21, calculated 10194.19 with 
Ag+; Figure A2.78). Using the same chemistry to convert 20 to 23 (i.e. azidation, bromination and 
finally azidation), polymer 24 was converted to 27 with a purity of 85% that increased to 98% after 
preparative SEC (curves c and d in Figure 2.3B, respectively). This allowed four azide groups to be 
located at equidistance along the polymer backbone. To increase the number of equidistant azides to 
seven, polymer 25 (i.e. TIPS-≡(OH-PSTY28)3-N3) was coupled using the CuAAC method 
with 3 (∼0.5 eq. to 25) to produce 28 (TIPS-≡(HO-PSTY28)3-HO-(PSTY28-OH)3-≡-TIPS). The 
CuAAC conditions were chosen for rapid coupling with the aid of Cu wire in toluene and using 
PMDETA as the ligand. As found from the SEC (curve b in Figure 2.3C), coupling was highly 
efficient with a purity of 75% and approximately 25% starting polymer 25. Even after longer reaction 
times, the purity did not change, suggesting that all the azide end-groups were reacted during the 
CuAAC reaction. The reason most probably results from the inaccuracy of determining its molecular 
weight (i.e. Mn) of 25, and thus the error associated with adding the correct number of moles. We 
therefore assume that the unreacted low molecular peak in curve b may result from the slight excess 
12 (1 eq)
21
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of 3 used to couple with 25. Using the same chemistry as above to convert the alcohol groups to 
azides, polymer 30 was formed with a 75% purity that increased to 98% after fractionation with 
preparative SEC. 
 
Figure 2.3 Molecular weight distributions (MWDs) obtained from SEC-RI based on a polystyrene 
calibration curve for starting polymers and products. (A) Curves (a) 12, (b) 19, (c) 20 crude, 
(d) 23 purified by preparative SEC, (e) LND of 23. (B) Curves (a) 12, (b) 21, (c) 24, (d) 27 purified 
by preparative SEC, (e) LND of purified 27. (C) Curves (a) 25, (b) 28, (c) 30 purified by preparative 
SEC, (e) LND of purified 30. All SEC traces were recorded based on PSTY calibration and 
normalized by weight fraction. 
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2.3.3 Grafting cyclics and dendrons to azide linear precursor PSTY 
Alkyne functional cyclic (17) and dendron (11) polymers were coupled to the three (23), four 
(27) and seven (30) equidistant azides on the linear backbone to form either cyclic or dendron brushes 
(Scheme 2.7). The tri-cyclic 31 was synthesized through the CuAAC coupling reaction of 17 (4 eq.) 
and 23 (1 eq.) in toluene at 50 °C for 1 h. At 25 °C, the CuAAC reaction was slow with low ‘click’ 
efficiency, whereas at 50 °C the CuAAC reaction gave a high molecular weight peak at 12 800 (curve 
c in Figure 2.4A) with a ‘click’ efficiency of 82% and a purity of 76% that increased to 95% after 
preparative SEC (Table 2.2). The ratio of Mn,RI/Mn,TD was 0.74, which was close to that found for the 
cyclic 17 of 0.77 (Table 2.1), suggesting that the cyclic side chains did not alter the overall coil 
conformation of the linear backbone. The tri-dendron 32 was synthesized by coupling 11 (4 eq.) 
to 23 (1 eq.) using the same reaction conditions as above. The SEC trace (curve c in Figure 2.4B) 
showed a molecular weight distribution corresponding to the starting polymer 11 (3%), 23 (2.5%) 
and a dominant high molecular weight peak corresponding to 32 (77% purity and 87% click 
efficiency). In addition, there was approximately 2% of a product corresponding to the ‘click’ 
between one 11 and one 23, 12% of a product corresponding to the coupling of two 11 and one 23, 
and 2.5% of a high molecular weight polymer possibly formed through coupling via an alkyne 
deprotected 23 polymer chain with other chains. The impurities were removed by preparative SEC to 
give the final product with 95% purity (curve d in Figure 2.4B), and the Mn by triple detection SEC 
was close to the theoretical value (Table 2.2). The ratio of Mn,RI to Mn,TD was 0.83 which was slightly 
smaller to 11 (0.89).  
The other four cyclic and dendron grafts (polymers 33–36) were formed using the same 
procedure as above (see Scheme 2.7). The initial coupling reactions for all four products gave the 
corresponding high molecular weight product (Figure 2.4C–F), and after preparative SEC of the crude 
polymers the purity increased to greater than 91%. Regardless of the number of dendron or cyclic 
grafts from three to seven, the ratio of Mn,RI to Mn,TD was close to that of either the dendron or cyclic 
as shown in Table 2.2. It suggests that the grafts play little or no role in altering the coil dimensions. 
This was further supported from the change in the hydrodynamic volume based on eqn (4) that for 
the cyclic grafts Vh/Vh,abs was between 0.6 and 0.65, which was close to that found for the monocyclic 
(17) of 0.64 (Table 2.2). The data showed that the dendron grafts slightly reduced the hydrodynamic 
volume. Comparing the hydrodynamic radius determined by DLS (Rh,DLS) to that from eqn 
(4) (Rh,SEC) there was a good correlation for the 3- and 4-grafts (Table 2.2). The Rh,SEC values were 
greater than Rh,DLS for 7 grafts (i.e.35 and 36), especially for the 7-dendron grafts (36). These data 
suggest that the dendron grafts drive the structure away from a sphere towards an ellipsoid. 
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Figure 2.4 Molecular weight distribution (MWDs) obtained from SEC-RI based on a polystyrene 
calibration curve for starting polymers and products. (A) Curves (a) c-PSTY25-≡ (17), (b) TIPS-≡(N3-
PSTY28)2-N3 (23), (c) Tri-cyclic (31) crude, (d) 31 purified by preparative SEC, (e) LND of 
purified 31. (B) Curves (a) (PSTY28)2-PSTY20-≡ (11), (b) TIPS-≡(N3-PSTY28)2-N3 (23), (c) tri-
dendron (32) crude, (d) 32 purified by preparative SEC, (e) LND of purified 32. (C) Curves (a) c-
PSTY25-≡ (17), (b) TIPS-≡(N3-PSTY28)3-N3 (27), (c) tetra-cyclic architecture (33) crude, 
(d) 33 purified by preparative SEC, (e) LND of purified 33. (D) Curves (a) (PSTY28)2-PSTY20-≡ (11), 
(b) TIPS-≡(N3-PSTY28)3-N3 (27), (c) tetra-dendron (34) crude, (d) 34 purified by preparative SEC, 
(e) LND of purified 34. (E) Curves (a) c-PSTY25-≡ (17), (b) TIPS-≡(N3-PSTY28)3-N3-(PSTY28-N3)3-
≡-TIPS (30), (c) hepta-cyclic (35) crude, (d) 35 purified by preparative SEC, (e) LND of purified 35. 
(F) Curves (a) (PSTY28)2-PSTY20-≡ (11), (b) TIPS-≡(N3-PSTY28)3-N3-(PSTY28-N3)3-≡-TIPS (30), 
(c) hepta-dendron architecture (36) crude, (d) 36 purified by preparative SEC, (e) LND of purified 36. 
All SEC traces were recorded based on PSTY calibration and normalized by weight fraction. 
 
2.3.4 Synthesis of an asymmetric cyclic and dendron graft block copolymer 
Our strategy of maintaining the halide end-groups during the CuAAC ‘click’ reaction can be 
exploited to produce an asymmetric functionality on the polymer chain (see Scheme 2.8). Starting 
with polymer 21, both 22 formed through bromination and 37 formed through the CuAAC reaction 
with propagyl ether can be prepared. Coupling 22 (1 eq.) and 37 (1 eq.) produced the asymmetric 
block 38 with a purity of 85%. The bromine groups on 38 were azidated to form 39 with a purity of 
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81%, which increased to 97% after preparative SEC (the SEC traces in Figures A2.104 and A2.106). 
The MALDI of 38 (Figure 2.5A) indicated a single species with m/z = 13 838.38 in agreement with 
the theoretical value m/z = 13 839.27 (with Ag+). A similar agreement was found from the MALDI 
of 39 (Figure 2.5B), in which m/z = 13 875.98 was close to the theoretical value m/z = 13 874.92 
(with Na+).  
 
 
Scheme 2.8 Synthesis of a comb with asymmetric cyclic and dendron grafts by sequential CuAAC 
‘click’ reactions. Conditions: (a) azidation: NaN3 in DMF at 25 °C, (b) bromination: 2-BPB, TEA in 
THF; 0 °C – RT, (c) CuAAC (25 °C): CuBr, PMDETA in toluene by at 25 °C (one pot), CuAAC (50 
°C): CuBr, PMDETA in toluene at 50 °C (one pot). 
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Figure 2.5 MALDI-ToF mass spectra of (A) TIPS-≡(Br-PSTY28)2-(HO-PSTY28)2-≡-TIPS (38), and 
(B) TIPS-≡(N3-PSTY28)2-(HO-PSTY28)2-≡-TIPS (39). 
 
The CuAAC coupling of 11 (3 eq.) and 39 (1 eq.) at 50 °C in toluene for 60 min gave a high 
molecular weight peak corresponding to 40 (curve c, Figure 2.6A) with 81% purity and 92% coupling 
efficiency. The SEC trace showed distributions corresponding to the starting polymer 11 (11%), 5% 
from the coupling of one 11 and one 39, and 3% from the glazer coupling of 11. The Mn by triple 
detection SEC was in close agreement with the theoretical value (Table 2.2). The two –OH moieties 
on polymer 40 were quantitatively converted to –Br moieties (41) through an esterification reaction 
with 2-bromopropionyl bromide, and then azidated to yield 42. After preparative SEC, the purity 
of 42 was 95% (curve d in Figure 2.6A). The ratio of Mn,RI to Mn,TD for 42 was 0.87 and lower than 
that for dendron 11, suggesting a more compact coil conformation due to the grafting of two 
dendrons. Polymer 42 was then coupled to 17 to produce 43 with a purity of 77% (curve c in Figure 
2.6B), which increased to 95% after preparative SEC (curve d in Figure 2.6B). The ratio 
of Vh/Vh,abs for 42 was 0.79, a value close to that of the dendron 11 (Table 2.2). This value decreased 
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to 0.69 upon grafting of the cyclic 17, a value between the analogous 4-graft cyclic 33 (0.62) and 
dendron 34 (0.73) suggesting that the coil dimensions were not altered by the grafts. 
 
 
Figure 2.6 Molecular weight distribution (MWDs) obtained from SEC-RI based on a polystyrene 
calibration curve for the starting polymers and products. (A) Curves (a) 11, (b) 39, (c) 40 crude, 
(d) 40 purified by preparative SEC, (e) purified 40. (B) Curves (a) c-PSTY25-  (17), (b) 42, 
(c) 43 crude, (d) 43 purified by preparative SEC, (e) purified 43. All SEC traces were recorded based 
on PSTY calibration and normalized by weight fraction. 
 
2.4 Conclusion 
In summary, we utilized the sequential growth method of telechelic polymer chains 
(i.e. alkyne-(OH)-PSTY-Br) to control the location of the HO– functionalities along the polymer 
backbone. The key chemistry to allow the precise location of functionality was through modulating 
catalyst conditions for the CuAAC ‘click’ reaction. By using PMDETA as the ligand and carrying 
out the reactions in toluene, the CuAAC reaction was significantly faster than halide abstraction. 
Through this chemistry, the bromine group was maintained at the chain end after each sequential 
addition. The HO-groups were converted to azides, allowing the grafting of polymeric dendrons and 
cyclics equally spaced along the backbone. The relative hydrodynamic volume of these grafted 
structures compared to their linear analogues decreased to a similar value to either the dendron or 
cyclic, suggesting that the increasing number of grafts had little or no influence on the coil 
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conformation. We then advanced our synthetic strategy to create an asymmetric copolymer consisting 
of one block with two dendron grafts and the other with two cyclic grafts. We believe that the strategy 
given here will allow the creation of new polymer architectures to meet the ever growing diversity of 
applications. 
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Chapter 3 
 
Sequence Control of Macromers via Iterative Sequential Growth 
 
A general strategy through the use of direct azidation of alcohols allowed the sequence control of 
macromers via the iterative sequential growth method. The chemistry was highly efficient in building 
polymers from a sequence of compositionally different macromers tethered together in close 
proximity. Using the DPPA/DBU method for near quantitative azidation of the benzyl alcohol moiety, 
sequence controlled polymers were made via a direct and one-step procedure for CuAAC activation. 
With four different macromers, spherical miktoarm star-like polymers of 37000 molecular weight 
were prepared with a low dispersity, and the polymer coil size depended on the type of added 
macromer. Polymers made via the iterative methods opens the way for the design of advanced 
materials with predictable properties. 
 
 
 
3.1 Introduction 
Building complex polymer architectures has been driven by the quest to obtain new and 
predictable solution and bulk properties. Incorporating sequence control into these architectures 
through the judicious choice of monomer or macromers will have the potential to create advanced 
polymer materials1-4 with unique properties and functions that are commonly found in biological 
proteins. This will lead to material design with potential applications as adaptive materials, catalysts, 
and use in vaccine and drug delivery. 
The iterative growth approaches are based on the classical Merrifield5 iterative solid-phase 
peptide synthesis, where monomers are sequentially appended to a chain and purified at each step. 
(i) CuAAC
(ii) Azidation
P1 =  PSTY (S) P2 =  PtBA (B) P3 =  PEG (E) P4 =  PMA (M)
S
B E
M
E
S M
B
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Iterative sequential growth (ISG)5 of monomer provides precise control over the monomer sequence, 
chain length and in some cases stereocontrol depending on the monomer and chemistry used. The 
iterative growth chemistry for the addition of each monomer unit and reactivation of the chain end 
must be highly efficient. Reactivation usually occurs through coupling of a second molecule 
containing a different R-group, with most examples of ISG utilizing a solid support to grow the chain 
sequentially.6-8 For example, Lutz and co-workers used the nitroxide radical coupling method9 to 
synthesize a digitally encoded polymer sequence.10 
The copper-catalyzed azide–alkyne cycloaddition (CuAAC) “click” reaction via an iterative 
approach provides a near quantitative conversion of the halide end-group to an azide for further 
coupling and continued growth.11-13 Activation of alcohol end-groups to azides in one-step would 
represent a straightforward iterative method to produce sequence-defined polymers in a facile 
manner. Alcohol end-groups represent an alternative to halides as they are more stable to hydrolysis 
and unreactive to copper species used in the CuAAC reaction. There are only a few methods for the 
direct conversion of HO-groups to azides: the first, the Mitsunobu displacement14, and the second, 
the diphenyl phosphorazidate (DPPA) and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) method (i.e., 
DPPA/DBU method).15 The DPPA/DBU method is operationally simple resulting in excellent yields 
and if required allows high enantioselectivity. Here, we advance the CuAAC iterative concept by 
using macromers with molecular weights of approximately 5.5 k coupled via ISG.  
In the first step, macromer sequences are coupled by CuAAC coupling. In the subsequent step 
the terminal –HO group on the macromer sequence is directly reactivated using the DPPA/DBU 
method in one-step (Scheme 3.1). Repeating cycles of these reactions produced compositionally 
different macromers sequences via ISG approach. Molecular weights of up to 37000 could be reached 
forming spherical miktoarm star-like structures. The novelty of our synthetic strategy is that large  
macromers could be sequentially coupled and –HO group could be activated in a single step reaction. 
Based on the efficiency of these reactions this strategy could be extended to small molecule based 
sequence defined oligomers of hybrid materials. 
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Scheme 3.1. Methodology for the Sequence Control of Macromers via (iterative sequential growth) 
ISG Using the Direct Activation Chemistry of Alcohols by DPPA/DBU: Conditions. (i) CuAAC 
“click” reaction: CuBr, PMDETA in toluene at 25 °C; (ii) azidation, DPPA/DBU in DMF at 50 °C 
(dark). 
 
3.1.1 Aim of the Chapter 
The aim of this work was to develop a synthetic strategy for producing sequence-defined 
polymers using high molecular weight functional macromers, and to demonstrate the effect of 
sequential macromer addition on the hydrodynamic volume of the growing polymer chain. A series 
of macromers were synthesized by ATRP and SET-LRP and each macromer was sequtially appended 
to a growing chian via iterative sequential growth (ISG) strategy. The ISG process was based on 
highly efficient iterative addition-activation reaction cycles of CuAAC (addition) and DPPA/DBU 
(activation) reactions. 
 
3.2 Experimental 
 
3.2.1 Materials 
The following monomers were deinhibited before use by passing through a basic alumina 
column: styrene (STY: Aldrich, >99 %), tert-butyl acrylate (tBA: Aldrich, >99 %) and methyl acrylate 
(MA: Aldrich, >99 %).  
The following reagents were used as received: alumina, activated basic (Aldrich: Brockmann I, 
standard grade, ~ 150 mesh, 58 Å), magnesium sulfate, anhydrous (MgSO4: Scharlau, extra pure), 
potassium carbonate (K2CO3: AnalaR, 99.9 %), silica gel 60 (230–400 mesh ATM (SDS)), pyridine 
(99%, Univar reagent), propargyl bromide solution (80 wt % in xylene, Aldrich), p-toluenesulfonyl 
chloride (Aldrich, ≥ 98 %), sodium chloride (NaCl: Univar, 99.9%), sodium azide (NaN3: Aldrich, ≥ 
99.5 %), TLC plates (silica gel 60 F254), silica gel 60 (230−400 mesh ATM (SDS)), lithium 
aluminum hydride (LiAlH4, Aldrich, 98%), diphenylphosphoryl azide (DPPA, Aldrich, 97%), 1,8-
(i) 
(6) Cycles
(i) (ii)
(ii) 
Sequence Defined Polymer
S
B E
M
E
S M
B
6 16
5
11
27
P1 =  PSTY46 P2 =  P
tBA40 P3 =  PEG47 P4 =  PMA57
****
2
72 
 
diazabicylco[5.4.0]undec-7-ene (DBU, Aldrich, 98%), 18-crown-6 ether (18-C-6, Aldrich, 99%), 
Methyl 3,5-dihydroxybenzoate. The following solvents were used as received: acetone (ChemSupply, 
AR), chloroform (CHCl3: Univar, AR grade), dichloromethane (DCM: Labscan, AR grade), diethyl 
ether (Univar, AR grade), dimethyl sulfoxide (DMSO: Labscan, AR grade), N,N-dimethylformamide 
(DMF: Labscan, AR grade), ethanol (EtOH: ChemSupply, AR), ethyl acetate (EtOAc: Univar, AR 
grade), hexane (Wacol, technical grade, distilled), hydrochloric acid (HCl, Univar, 32 %), anhydrous 
methanol (MeOH: Lichrosolv, 99.9 %, HPLC grade), Milli-Q water (Biolab, 18.2 MΩm), 
tetrahydrofuran (THF: Labscan, HPLC grade), toluene (HPLC, Labscan, 99.8%). N,N-
dimethylacetamide (DMAc: Aldrich, HPLC grade) and petroleum spirit (BR 40−60 °C, Univar, AR 
grade). 
The following polymer, initiators, ligands and metals for the various polymerizations were used as 
received unless otherwise stated. Poly(ethylene glycol) monomethyl ether (PEG47-OH), Aldrich, Mn 
= 2000). ethyl-2-bromoisobutyrate (EBiB, Aldrich, 98 %), N,N,N’,N’,N’’-pentamethyldiethylenetri-
amine (PMDETA: Aldrich, 99 %), tris(2-(dimethylamino)-ethyl)amine (Me6TREN), copper wire (0.2 
mm diameter), copper powder (Sigma-Aldrich, < 425 micron, 99.5 % metals basis), copper(II) 
bromide (Cu(II)Br2: Aldrich, 99%), copper(I)bromide, Cu(II)Br2/Me6TREN and 
Cu(II)Br2/PMDETA complex were synthesized in our group.  
 
3.2.2 Synthetic Procedures 
 
3.2.2.1 Synthesis of methyl 3,5-bis (propargyloxy) benzoate (1) 
Methyl 3,5-dihydroxybenzoate (3.20 g, 1.9×10-2 mol), propargyl bromide (2.26 g, 4.1×10-2 
mol) and 18-crown-6 (1.10 g, 4.1×10-3 mol) were dissolved in 200 mL of acetone. Anhydrous 
potassium carbonate (5.78 g, 4.1×10-2 mol) was added and the reaction was refluxed at 80 °C for 48 
h. The reaction was then cooled to room temperature, filtered, and the filtrate was concentrated by 
rotary evaporation. The resulting solid was recrystallized from methanol to give pure 3,5-bis 
(propargyloxy) benzoate (60%, 2.75 g, 1.1×10-2 mol) 1 (Figure A3.1) as white crystals.  
 
 
3.2.2.2 Synthesis of methyl 3,5-bis (propargyloxy) benzyl alcohol (2) 
3,5-bis (propargyloxy) benzoate (2.50 g, 1.0×10-2 mol) 1 was dissolved 200 mL of dry THF 
at 0 °C under argon and LiAlH4 (0.46 g, 1.2×10-2 mol) was added portion-wise over a period of 30 
min. The mixture was kept in ice bath and stirred for 1 hr and then at room temperature for another 
16 h. The reaction was quenched by slowly adding crushed Na2SO4.10H2O, and the mixture was 
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filtered and dried with anhydrous MgSO4. After removing the solvent by rotary evaporation, the crude 
product was crystallized from hexane to give (2.12 g, 9.8×10-3 mol) 2 (Figure A3.2) as white crystals.  
 
 
Scheme 3.2: Synthesis of dialkyne-alcohol linker (2): Reactants and conditions: (i) Acetone, 
K2CO3, RT, 48 h; (ii) LiAlH4, THF, 0 °C-RT, 16 h 
 
3.2.2.3 Synthesis of PSTY46-Br (3) by ATRP 
 
Styrene (13.0 g, 1.2×10-1 mol), PMDETA (1.6×10-1 g, 9.6×10-4 mol), ethyl 2-bromobutyrate (2.5×10-
1 g, 1.2×10-3 mol) and CuBr2/PMDETA complex (7.0×10
-2 g, 1.9×10-4 mol) were added to a Schlenk 
flask and purged with argon for 30 min with vigorous stirring. Cu(I)Br (1.3×10-1 g, 9.6×10-4 mol) 
was added under a positive argon flow and the contents were further degassed for 5 min. The reaction 
vessel was then sealed, placed in an oil bath at 80 °C and the reaction mixture stirred for 5 h. The 
reaction was terminated by quenching in ice followed by exposure to air. The contents were diluted 
with THF (ca. 3 fold to the reaction mixture volume), and passed through activated basic alumina. 
The solvent was removed under reduced pressure and the residue dissolved in a minimal amount of 
THF. The polymer was precipitated in MeOH (10-fold excess to polymer solution). The resulting 
white precipitate was collected by vacuum filtration and dried in vacuo for 24 h at 25 °C. SEC (Mn 
= 4770, PDI = 1.08; Figure A3.3A), Triple Detection SEC (Mn = 4970, PDI = 1.01) (Table 3.3). The 
polymer was further characterized by 1H NMR (Figure A3.3B) and MALDI-ToF (Figure A3.3C). 
 
3.2.2.4 Synthesis of PSTY46-N3 (4) by Azidation with NaN3 
 
Polymer PSTY46-Br 3 (3.0 g, 6.2×10
-4 mol) was dissolved in 15 mL of DMF in a 20 mL reaction 
vessel equipped with a magnetic stirrer. To this solution NaN3 (0.8 g, 1.2×10
-2 mol) was added and 
the mixture stirred for 24 h at 25 oC. The polymer solution was directly precipitated into MeOH/H2O 
(i)
(ii)
1 2
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(95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered by vacuum filtration and 
washed exhaustively with water and MeOH. The polymer was dried in vacuo for 24 h at 25 °C. SEC 
(Mn = 4790, PDI = 1.08; Figure A3.4A), Triple Detection SEC (Mn = 4990, PDI = 1.01) (Table 3.3). 
The polymer was further characterized by 1H NMR (Figure A3.4B) and MALDI-ToF (Figure A3.4C). 
 
3.2.2.5 Synthesis of PSTY46-(Ph-OH)≡  (5) by CuAAC 
 
Polymer PSTY46-N3 4 (0.8 g, 1.6×10
-4 mol), PMDETA (3.3×10-2 mL, 1.6×10-4 mol) and dialkyne 
alcohol linker 2 (0.36
 
g, 1.6×10-3 mol) were dissolved in 12 mL toluene. CuBr (2.4×10-2 g, 1.6×10-4 
mol) was added to a 20 mL schlenk flask equipped with magnetic stirrer wrapped with Cu wire (0.25 
g, 3.9×10-3 mol) and both vessels were purged with argon for 20 min. The polymer solution was then 
transferred to CuBr flask by applying argon pressure using double tip needle. The reaction mixture 
was purged with argon for a further 2 min and the flask was placed in a temperature controlled oil 
bath at 25 °C for 1.5 h. The reaction was then diluted with THF (ca. 3 fold to the reaction mixture 
volume), and passed through activated basic alumina to remove the copper salts. The solution was 
concentrated by rotary evaporator and the polymer was recovered by precipitation into a large amount 
of MeOH (20 fold excess to polymer solution) and filtration. The polymer was purified by preparative 
SEC to remove excess linker as well as high MW impurities. After precipitation and filtration, the 
polymer was dried in vacuo for 24 h at 25 °C. SEC (Mn = 4900, PDI = 1.07; Figure A3.5A) and 
Triple Detection SEC (Mn = 5160, PDI = 1.01) (Table 3.3). The polymer was further characterized 
by 1H NMR (Figure A3.5B) and MALDI-ToF (Figure A3.5C). 
 
3.2.2.6 Synthesis of PtBA40-Br (6) by SET-LRP 
 
tert-Butyl Acrylate (tBA) (7.88 g, 6.1×10-2 mol), Me6tren (0.41 mL, 1.5×10
-3 mol), CuBr2/Me6tren 
(0.31 g, 6.9×10-4 mol), ethyl 2-bromobutyrate (3.0×10-1 g, 1.5×10-3 mol), DMSO (0.504 mL) and 
acetone (5.6 mL) were added to a 25 mL Schlenk flask equipped with a magnetic stirrer. The reaction 
mixture was cooled down to 0 °C and sparged with argon for 25 min to remove oxygen. Cu(0) 
(9.8×10-2 g, 1.5×10-3 mol) was then carefully added to the solution under an argon blanket. The 
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reaction mixture was further degassed for 5 min at 0 °C and then placed into a temperature controlled 
water bath at 22 °C for 50 min. The reaction was quenched by cooling in liquid nitrogen, exposure to 
air, and dilution with THF (ca. 3 fold to the reaction mixture volume). The copper salts were removed 
by passage through an activated basic alumina column. The solution was concentrated by rotary 
evaporator and the polymer was precipitated into cold MeOH/water mixture (40:60 v/v, 20 fold 
excess to polymer solution) twice. The polymer (viscous glassy solid) was dried in vacuo for 24 h at 
25 °C. SEC (Mn = 4900, PDI = 1.14; Figure A3.6A), Triple Detection SEC (Mn = 5380, PDI = 1.01) 
(Table 3.3). The polymer was further characterized by 1H NMR (Figure A3.6B) and MALDI-ToF 
(Figure A3.6C). 
 
3.2.2.7 Synthesis of PtBA40-N3 (7) by Azidation with NaN3 
 
Polymer PtBA40-Br 6 (2.0 g, 3.9×10
-4 mol) was dissolved in 15 mL of DMF in a 20 mL reaction 
vessel equipped with a magnetic stirrer. To this solution NaN3 (0.5 g, 7.9×10
-3 mol) was added and 
the mixture stirred for 24 h at 25 oC. The polymer solution was concentrated by airflow to 
approximately a third of the original volume and precipitated into cold MeOH/water mixture (20:80 
v/v, ~10 fold excess to polymer solution) from DMF. All liquid was decanted and the polymer 
(viscous solid) was then dried in vacuo for 24 h at 25 oC. SEC (Mn = 4960, PDI = 1.16; Figure 
A3.7A), Triple Detection SEC (Mn = 5360, PDI = 1.01) (Table 3.3). The polymer was further 
characterized by 1H NMR (Figure A3.7B) and MALDI-ToF (Figure A3.7C). 
 
3.2.2.8 Synthesis of PtBA40-(Ph-OH)≡  (8) by CuAAC 
 
Polymer PtBA40-N3 7 (0.5 g, 1.0×10
-4 mol), PMDETA (2.0×10-2 mL, 1.0×10-4 mol) and dialkyne 
alcohol linker 2 (0.21
 
g, 1.0×10-3 mol) were dissolved in 9 mL toluene. CuBr (1.4×10-2 g, 1.0×10-4 
mol) was added to a 20 mL schlenk flask equipped with magnetic stirrer wrapped with Cu wire (0.25 
g, 3.9×10-3 mol) and both vessels were purged with argon for 20 min. The polymer solution was then 
transferred to CuBr flask by applying argon pressure using double tip needle. The reaction mixture 
was purged with argon for a further 2 min and the flask was placed in a temperature controlled oil 
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bath at 25 °C for 1.5 h. The reaction was diluted with THF and copper salts were removed by passage 
through an activated basic alumina column. The solution was concentrated by rotary evaporator and 
the polymer was precipitated into cold MeOH/water mixture (40:60 v/v, 20 fold excess to polymer 
solution). The polymer (viscous glassy solid) was dried in vacuo for 24 h at 25 °C. The polymer was 
purified by preparative SEC to remove excess linker as well as high MW impurities. The polymer 
was concentrated on a rotary evaporator and dried in vacuo for 24 h at 25 °C. SEC (Mn = 5420, PDI 
= 1.12; Figure A3.8A) and Triple Detection SEC (Mn = 5690, PDI = 1.01) (Table 3.3). The polymer 
was further characterized by 1H NMR (Figure A3.8B). 
 
3.2.2.9 Synthesis of PEG47-OTs (9) by Tosylation 
 
Poly-(ethylene glycol) monomethyl ether PEG47−OH (Mn = 2000, 20.0 g, 1.0×10-2 mol) was 
dissolved in pyridine (60 mL) with stirring, under argon at 25 °C. The contents were cooled in an ice 
bath and tosyl chloride (19.06 g, 1.0×10-1 mol) was added portion-wise under positive argon flow. 
The reaction contents were allowed to slowly warm up to room temperature after addition and stirred 
overnight at room temperature. The contents turned an orange/yellow color. After stirring, the 
reaction mixture was diluted with cold water and extracted with dichloromethane (×3). The organic 
phases were washed with cold 6 M HCl (×2), dried with Na2SO4 and filtered. The solvent was reduced 
in volume under vacuum and the polymer solution precipitated into diethyl ether (10 fold excess to 
polymer solution). The white, waxy solid was recovered by vacuum filtration and dried in vacuo for 
24 h at 25 °C. 
 
3.2.2.10 Synthesis of PEG47-N3 (10) by Azidation with NaN3 
 
NaN3 (3.25 g, 5.0×10
-2 mol) was added to a stirring solution of PEG47-OTs 16 (Mn ∼ 2000, 10.0 g, 
5.0×10-3 mol) in DMF (50.0 mL) (milky white solution). The reaction mixture was stirred for 24 h at 
25 °C. After stirring, the reaction mixture was poured into a brine solution and extracted with 
dichloromethane (×3). The organic layers were dried with Na2SO4 and filtered. The solvent was 
removed under reduced pressure and the residue was dissolved in dichloromethane and precipitated 
into diethyl ether (10 fold excess to polymer solution). The white precipitate was collected via 
vacuum filtration and dried in vacuo for 24 h at 25 °C. SEC (Mn = 2600, PDI = 1.04; Figure A3.9A) 
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and Triple Detection SEC (Mn = 2190, PDI = 1.01) (Table 3.3). The polymer was further 
characterized by 1H NMR (Figure A3.9B) and MALDI-ToF (Figure A3.9C). 
 
3.2.2.11 Synthesis of PEG47-(Ph-OH)≡  (11) by CuAAC 
 
Polymer PEG47-N3 10 (0.8 g, 4.0×10
-4 mol), PMDETA (8.0×10-2 mL, 4.0×10-4 mol) and dialkyne 
alcohol linker 2 (0.86
 
g, 4.0×10-3 mol) were dissolved in 18 mL toluene. CuBr (5.7×10-2 g, 4.0×10-4 
mol) was added to a 25 mL schlenk flask equipped with magnetic stirrer wrapped with Cu wire (0.25 
g, 3.9×10-3 mol) and both vessels were purged with argon for 20 min. The polymer solution was then 
transferred to CuBr flask by applying argon pressure using double tip needle. The reaction mixture 
was purged with argon for a further 2 min and the flask was placed in a temperature controlled oil 
bath at 25 °C for 1.5 h. The solvent was removed using rotary evaporator and the residue was 
dissolved in dichloromethane and passed through activated basic alumina to remove the copper salts. 
The solvent was removed using rotary evaporator and the polymer was dissolved in water which 
resulted in the precipitation of the unreacted linker. The water solution was filtered and washed with 
dichloromethane (×3) and dried with Na2SO4 and filtered. The solvent was reduced in volume under 
vacuum and the polymer solution precipitated into diethyl ether (10 fold excess to polymer solution). 
The white precipitate was dried in vacuo for 24 h at 25 °C. SEC (Mn = 2610, PDI = 1.04; Figure 
A3.10A) and Triple Detection SEC (Mn = 2490, PDI = 1.01) (Table 3.3). The polymer was further 
characterized by 1H NMR (Figure A3.10B) and MALDI-ToF (Figure A3.10C). 
 
3.2.2.12 Synthesis of PMA57-Br (12) by SET-LRP 
 
Methyl acrylate (MA) (8.56 g, 9.9×10-2 mol), Me6tren (2.7×10
-2 mL, 1.0×10-4 mol), CuBr2/Me6tren 
(4.6×10-2 g, 1.0×10-4 mol), ethyl 2-bromobutyrate (2.0×10-1 g, 1.0×10-3 mol), DMSO (4 mL) was 
added to a 25 mL Schlenk flask equipped with a magnetic stirrer. The reaction mixture was cooled 
down to 0 °C and sparged with argon for 25 min to remove oxygen. Cu(0) (1.0×10-4 g, 6.5×10-3 mol) 
was then carefully added to the solution under an argon blanket. The reaction mixture was further 
degassed for 5 min at 0 °C and then placed into a temperature controlled water bath at 22 °C for 40 
min. The reaction was quenched by cooling in liquid nitrogen, exposure to air, and dilution with THF 
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(ca. 3 fold to the reaction mixture volume). The copper salts were removed by passage through an 
activated basic alumina column. The solution was concentrated by rotary evaporator and the polymer 
was precipitated into cold MeOH/water mixture (40:60 v/v, 20 fold excess to polymer solution) twice. 
The polymer (viscous glassy solid) was dried in vacuo for 24 h at 25 °C. SEC (Mn = 4880, PDI = 
1.04; Figure A3.11A), Triple Detection SEC (Mn = 4950, PDI = 1.01) (Table 3.3). The polymer was 
further characterized by 1H NMR (Figure A3.11B) and MALDI-ToF (Figure A3.11C). 
 
3.2.2.13 Synthesis of PMA57-N3 (13) by Azidation with NaN3 
 
Polymer PMA57-Br 12 (2.0 g, 4.1×10
-4 mol) was dissolved in 15 mL of DMF in a 20 mL reaction 
vessel equipped with a magnetic stirrer. To this solution NaN3 (0.5 g, 8.2×10
-3 mol) was added and 
the mixture stirred for 24 h at 25 oC. The polymer solution was concentrated by airflow to 
approximately a third of the original volume and precipitated into cold MeOH/water mixture (20:80 
v/v, ~10 fold excess to polymer solution) from DMF. All liquid was decanted and the polymer 
(viscous solid) was then dried in vacuo for 24 h at oC. SEC (Mn = 4900, PDI = 1.04; Figure A3.12A), 
Triple Detection SEC (Mn = 4960, PDI = 1.01) (Table 3.3). The polymer was further characterized 
by 1H NMR (Figure A3.12B) and MALDI-ToF (Figure A3.12C). 
 
3.2.2.14 Synthesis of PMA57-(Ph-OH)≡  (14) by CuAAC 
 
Polymer PMA57-N3 13 (0.5 g, 1.0×10
-4 mol), PMDETA (2.0 ×10-2 mL, 1.0×10-4 mol) and dialkyne 
alcohol linker 2 (0.22
 
g, 1.0×10-3 mol) were dissolved in 9 mL toluene. CuBr (1.4×10-2 g, 1.0×10-4 
mol) was added to a 20 mL schlenk flask equipped with magnetic stirrer wrapped with Cu wire (0.25 
g, 3.9×10-3 mol) and both vessels were purged with argon for 20 min. The polymer solution was then 
transferred to CuBr flask by applying argon pressure using double tip needle. The reaction mixture 
was purged with argon for a further 2 min and the flask was placed in a temperature controlled oil 
bath at 25 °C for 1.5 h. The reaction was diluted with THF and copper salts were removed by passage 
through an activated basic alumina column. The solution was concentrated by rotary evaporator and 
the polymer was precipitated into cold MeOH/water mixture (40:60 v/v, 20 fold excess to polymer 
solution). The polymer (viscous glassy solid) was dried in vacuo for 24 h at 25 °C. The polymer was 
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purified by preparative SEC to remove excess linker as well as high MW impurities. The polymer 
was concentrated on a rotary evaporator and dried in vacuo for 24 h at 25 °C. SEC (Mn = 4920, PDI 
= 1.04; Figure A3.13A) and Triple Detection SEC (Mn = 5230, PDI = 1.01) (Table 3.3). The polymer 
was further characterized by 1H NMR (Figure A3.13B) and MALDI-ToF (Figure A3.13C). 
 
3.2.2.15 Synthesis of P(STY46-tBA40)-(Ph-OH) (15) (2-Block-OH) by CuAAC 
 
Polymer PSTY46-(Ph-OH)≡ 5 (0.57 g, 1.1×10-4 mol), PtBA40-N3 7 (0.63 g, 1.1×10-4 mol) and 
PMDETA  (5.9×10-2 mL, 2.3×10-4 mol) were dissolved in 10 mL of dry toluene in a 20 mL vial. 
Cu(I)Br (3.3×10-2 g, 2.3×10-4 mol) was taken in a 20 mL schlenk flask equipped with magnetic stirrer 
wrapped with Cu wire (0.25 g, 3.9×10-3 mol). Both vessels were purged with argon for 30 min. The 
polymer solution was then transferred to the schlenk tube by applying argon pressure using double 
tip needle, and the schlenk tube was placed in a temperature controlled oil bath at 25 °C. The reaction 
was stopped after 1.5 h and diluted with THF, and the copper salts were removed by passage through 
an activated basic alumina column. The solvent was removed by rotary evaporator and the polymer 
was dried in vacuo for 24 h at 25 °C to obtain a white solid. SEC (Mn = 9340, PDI = 1.08; Figure 
A3.14A) and 1H NMR (Figure A3.14B). 
 
3.2.2.16 Synthesis of P(STY46-tBA40)-(Ph-N3) (16) (2-Block-N3) by Azidation with DPPA/DBU 
 
Polymer P(STY46-
tBA40)-(Ph-OH) 15 (1.0 g, 1.0×10
-4 mol) was dissolved in 10 mL of DMF in a reaction 
vessel equipped with a magnetic stirrer. The vessel was wrapped in aluminum foil to avoid light and 
solution was purged with argon for 30 min. DPPA (4.6×10-1 mL, 2.1×10-3 mol) and DBU (3.3×10-1 mL, 
2.2×10-3 mol) were added to the reaction mixture. The reaction mixture was further degassed for 5 min 
and then placed into a temperature controlled oil bath at 50 °C. The reaction was stopped after 24 h and 
the solvent was removed by rotary evaporator. The resulting mixture was taken in a centrifuge tube and 
toluene was added to the mixture and the tube was vortexed and centrifuged. The toluene phase was 
collected and concentrated by rotary evaporation and the polymer was purified by preparative SEC to 
remove undesired low molecular weight polymers. The solvent was removed by rotary evaporator and 
the polymer was dried in vacuo for 24 h at 25 °C to obtain a white solid (0.89 g, 8.5×10-5 mol, yield = 
CuAAC
5 + 7
15
DPPA/DBU
15
16
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87%). SEC (Mn = 9620, PDI = 1.06; Figure A3.14E), Triple Detection SEC (Mn = 10440, PDI = 1.01 
(Table 3.4) and 1H NMR (Figure A3.14F).  
 
3.2.2.17 Synthesis of P(STY46-tBA40-EG47)-(Ph-OH) (17) (3-Block-OH) by CuAAC 
 
Polymer PEG47-(Ph-OH)≡ 11 (0.22 g, 8.4×10-5 mol), P(STY46-tBA40)-(Ph-N3) 16 (0.88 g, 8.4×10-5 
mol) and PMDETA  (3.5×10-2 mL, 1.6×10-4 mol) were dissolved in 6 mL of dry toluene in a 20 mL 
vial. Cu(I)Br (2.4×10-2 g, 1.6×10-4 mol) was taken in a 20 mL schlenk flask equipped with magnetic 
stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol). Both vessels were purged with argon for 30 min. 
The polymer solution was then transferred to the schlenk tube by applying argon pressure using 
double tip needle, and the schlenk tube was placed in a temperature controlled oil bath at 25 °C. The 
reaction was stopped after 1.5 h and diluted with THF, and the copper salts were removed by passage 
through an activated basic alumina column. The solvent was removed by rotary evaporator and the 
polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid. SEC (Mn = 10560, PDI = 1.16; 
Figure A3.15A) and 1H NMR (Figure A3.15B). 
 
3.2.2.18 Synthesis of P(STY46-tBA40-EG47)-(Ph-N3) (18) (3-Block-N3) by Azidation with 
DPPA/DBU 
 
Polymer P(STY46-
tBA40-EG47)-(Ph-OH) 17 (1.0 g, 9.4×10
-5 mol) was dissolved in 10 mL of DMF in a 
reaction vessel equipped with a magnetic stirrer. The vessel was wrapped in aluminum foil to avoid light 
and solution was purged with argon for 30 min. DPPA (4.0 ×10-1 mL, 1.8×10-3 mol) and DBU (2.9×10-
CuAAC
11 + 16
17
DPPA/DBU
17
18
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1 mL, 1.9×10-3 mol) were added to the reaction mixture. The reaction mixture was further degassed for 
5 min and then placed into a temperature controlled oil bath at 50 °C. The reaction was stopped after 24 
h and the solvent was removed by rotary evaporator. The resulting mixture was taken in a centrifuge 
tube and toluene was added to the mixture and the tube was vortexed and centrifuged. The toluene phase 
was collected and concentrated by rotary evaporation and the polymer was purified by preparative SEC 
to remove undesired low molecular weight polymers. The solvent was removed by rotary evaporator 
and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid (0.74 g, 5.6×10-5 mol, yield 
= 74%). SEC (Mn = 12650, PDI = 1.07; Figure A3.15E), Triple Detection SEC (Mn = 13210, PDI = 
1.01) (Table 3.4) and 1H NMR (Figure A3.15F).  
 
3.2.2.19 Synthesis of P(STY46-tBA40-EG47-MA57)-(Ph-OH) (19) (4-Block-OH) by CuAAC 
 
Polymer PMA57-(OH)≡ 14 (0.28 g, 5.4×10-5 mol), P(STY46-tBA40-EG47)-(Ph-N3) 18 (0.35 g, 2.6×10-
5 mol) and PMDETA  (1.1×10-2 mL, 5.4×10-5 mol) were dissolved in 5 mL of dry toluene in a 20 mL 
vial. Cu(I)Br (7.8×10-3 g, 5.4×10-5 mol) was taken in a 20 mL schlenk flask equipped with magnetic 
stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol). Both vessels were purged with argon for 30 min. 
The polymer solution was then transferred to the schlenk tube by applying argon pressure using 
double tip needle, and the schlenk tube was placed in a temperature controlled oil bath at 25 °C. The 
reaction was stopped after 1.5 h and diluted with THF, and the copper salts were removed by passage 
through an activated basic alumina column. The solvent was removed by rotary evaporator and the 
polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid. SEC (Mn = 10430, PDI = 1.3; 
Figure A3.16A) and 1H NMR (Figure A3.16B). 
 
CuAAC
14 + 18
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3.2.2.20 Synthesis of P(STY46-tBA40-EG47-MA57)-(Ph-N3) (20) (4-Block-N3) by Azidation with 
DPPA/DBU 
 
Polymer P(STY46-
tBA40-EG47-MA57)-(Ph-OH) 19 (0.5 g, 3.2×10
-5 mol) was dissolved in 5 mL of DMF 
in a reaction vessel equipped with a magnetic stirrer. The vessel was wrapped in aluminum foil to avoid 
light and solution was purged with argon for 30 min. DPPA (1.3×10-1 mL, 6.4×10-4 mol) and DBU 
(1.0×10-1 mL, 6.7×10-3 mol) were added to the reaction mixture. The reaction mixture was further 
degassed for 5 min and then placed into a temperature controlled oil bath at 50 °C. The reaction was 
stopped after 24 h and the solvent was removed by rotary evaporator. The resulting mixture was taken 
in a centrifuge tube and toluene was added to the mixture and the tube was vortexed and centrifuged. 
The toluene phase was collected and concentrated by rotary evaporation and the polymer was purified 
by preparative SEC to remove undesired low molecular weight polymers. The solvent was removed by 
rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid (0.27 g, 
1.4×10-5 mol, yield = 71%). SEC (Mn = 15976, PDI = 1.08; Figure A3.16E), Triple Detection SEC (Mn 
= 18050, PDI = 1.02) (Table 3.4) and 1H NMR (Figure A3.16F).  
 
3.2.2.21 Synthesis of P(STY46-tBA40-EG47-MA57-EG47)-(Ph-OH) (21) (5-Block-OH) by CuAAC 
 
Polymer PEG47-(Ph-OH)≡ 11 (0.07 g, 2.8×10-5 mol), P(STY46-tBA40-EG47-MA57)-(Ph-N3) 20  (0.26 
g, 1.4×10-5 mol) and PMDETA  (6.0×10-3 mL, 2.8×10-5 mol) were dissolved in 3 mL of dry toluene 
in a 7 mL vial. Cu(I)Br (4.1×10-3 g, 2.8×10-5 mol) was taken in a 10 mL schlenk flask equipped with 
magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels were purged with argon 
20
DPPA/DBU
19
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for 30 min. The polymer solution was then transferred to the schlenk tube by applying argon pressure 
using double tip needle, and the schlenk tube was placed in a temperature controlled oil bath at 25 
°C. The reaction was stopped after 1.5 h and diluted with THF, and the copper salts were removed by 
passage through an activated basic alumina column. The solvent was removed by rotary evaporator 
and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid. SEC (Mn = 8420, PDI 
= 1.9; Figure A3.17A) and 1H NMR (Figure A3.17B). 
 
3.2.2.22 Synthesis of P(STY46-tBA40-EG47-MA57-EG47)-(Ph-N3) (22) (5-Block-N3) by Azidation 
with DPPA/DBU 
 
Polymer P(STY46-
tBA40-EG47-MA57-EG47)-(Ph-OH) 21 (0.29 g, 1.5×10
-5 mol) was dissolved in 4 mL 
of DMF in a reaction vessel equipped with a magnetic stirrer. The vessel was wrapped in aluminum foil 
to avoid light and solution was purged with argon for 30 min. DPPA (6.8×10-2 mL, 3.1×10-4 mol) and 
DBU (4.9×10-2 mL, 3.3×10-4 mol) were added to the reaction mixture. The reaction mixture was further 
degassed for 5 min and then placed into a temperature controlled oil bath at 50 °C. The reaction was 
stopped after 24 h and the solvent was removed by rotary evaporator. The resulting mixture was taken 
in a centrifuge tube and toluene was added to the mixture and the tube was vortexed and centrifuged. 
The toluene phase was collected and concentrated by rotary evaporation and the polymer was purified 
by preparative SEC to remove undesired low molecular weight polymers. The solvent was removed by 
rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid (0.18 g, 
8.7×10-6 mol, yield = 69%). SEC (Mn = 17890, PDI = 1.11; Figure A3.17E), Triple Detection SEC (Mn 
= 20610, PDI = 1.01) (Table 3.4) and 1H NMR (Figure A3.17F).  
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3.2.2.23 Synthesis of P(STY46-tBA40-EG47-MA57-EG47-STY46)-(Ph-OH) (23) (6-Block-OH) by 
CuAAC 
 
Polymer PSTY46-(Ph-OH)≡ 5 (5.1×10-2 g, 1.0×10-5 mol), P(STY46-tBA40-EG47-MA57-EG47)-(Ph-N3) 
22 (0.10 g, 5.3×10-6 mol) and PMDETA  (2.2×10-3 mL, 1.0×10-5 mol) were dissolved in 2 mL of dry 
toluene in a 7 mL vial. Cu(I)Br (1.5×10-3 g, 1.0×10-5 mol) was taken in a 10 mL schlenk flask 
equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels were purged 
with argon for 30 min. The polymer solution was then transferred to the schlenk tube by applying 
argon pressure using double tip needle, and the schlenk tube was placed in a temperature controlled 
oil bath at 25 °C. The reaction was stopped after 1.5 h and diluted with THF, and the copper salts 
were removed by passage through an activated basic alumina column. The solvent was removed by 
rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid. SEC 
(Mn = 11100, PDI = 1.6; Figure A3.18A) and 1H NMR (Figure A3.18B). 
 
3.2.2.24 Synthesis of P(STY46-tBA40-EG47-MA57-EG47-STY46)-(Ph-N3) (24) (6-Block-N3) by 
Azidation with DPPA/DBU 
 
Polymer P(STY46-
tBA40-EG47-MA57-EG47-STY46-)-(Ph-OH) 23 (0.09 g, 4.1×10
-6 mol) was dissolved in 
2 mL of DMF in a reaction vessel equipped with a magnetic stirrer. The vessel was wrapped in aluminum 
CuAAC
5 + 22
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foil to avoid light and solution was purged with argon for 30 min. DPPA (3.5×10-2 mL, 1.6×10-4 mol) 
and DBU (2.5×10-2 mL, 1.7×10-4 mol) were added to the reaction mixture. The reaction mixture was 
further degassed for 5 min and then placed into a temperature controlled oil bath at 50 °C. The reaction 
was stopped after 24 h and the solvent was removed by rotary evaporator. The resulting mixture was 
taken in a centrifuge tube and toluene was added to the mixture and the tube was vortexed and 
centrifuged. The toluene phase was collected and concentrated by rotary evaporation and the polymer 
was purified by preparative SEC to remove undesired low molecular weight polymers. The solvent was 
removed by rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy 
solid (0.05 g, 1.9×10-6 mol, yield = 68%).  SEC (Mn = 22100, PDI = 1.10; Figure A3.18E), Triple 
Detection SEC (Mn = 25960, PDI = 1.01) (Table 3.4) and 
1H NMR (Figure A3.18F).  
 
3.2.2.25 Synthesis of P(STY46-tBA40-EG47-MA57-EG47-STY46-MA57)-(Ph-OH) (25) (7-Block-
OH) by CuAAC 
 
Polymer PMA57-(Ph-OH)≡ 14 (3.5×10-2 g, 6.7×10-6 mol), P(STY46-tBA40-EG47-MA57-EG47-STY46-
)-(Ph-N3) 24 (0.03 g, 1.1×10
-6 mol) and PMDETA  (4.7×10-4 mL, 2.2×10-6 mol) were dissolved in 
1.5 mL of dry toluene in a 4 mL vial. Cu(I)Br (3.2×10-4 g, 2.2×10-6 mol) was taken in a 10 mL schlenk 
flask equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels were 
purged with argon for 30 min. The polymer solution was then transferred to the schlenk tube by 
applying argon pressure using double tip needle, and the schlenk tube was placed in a temperature 
controlled oil bath at 25 °C. The reaction was stopped after 1.5 h and diluted with THF, and the copper 
salts were removed by passage through an activated basic alumina column. The solvent was removed 
by rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid. 
SEC (Mn = 9540, PDI = 1.8; Figure A3.19A) and 1H NMR (Figure A3.19B). 
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3.2.2.26 Synthesis of P(STY46-tBA40-EG47-MA57-EG47-STY46-MA57)-(Ph-N3) (26) (7-Block-N3) 
by Azidation with DPPA/DBU 
 
Polymer P(STY46-
tBA40-EG47-MA57-EG47-STY46-MA57)-(Ph-OH) 25 (0.03 g, 1.2×10
-6 mol) was 
dissolved in 1.5 mL of DMF in a reaction vessel equipped with a magnetic stirrer. The vessel was 
wrapped in aluminum foil to avoid light and solution was purged with argon for 30 min. DPPA (1.3×10-
2 mL, 6.4×10-5 mol) and DBU (9.8×10-3 mL, 6.5×10-5 mol) were added to the reaction mixture. The 
reaction mixture was further degassed for 5 min and then placed into a temperature controlled oil bath 
at 50 °C. The reaction was stopped after 24 h and the solvent was removed by rotary evaporator. The 
resulting mixture was taken in a centrifuge tube and toluene was added to the mixture and the tube was 
vortexed and centrifuged. The toluene phase was collected and concentrated by rotary evaporation and 
the polymer was purified by preparative SEC to remove undesired low molecular weight polymers. The 
solvent was removed by rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain 
a glassy solid (0.013 g, 4.2×10-7 mol, yield = 81%). SEC (Mn = 23440, PDI = 1.09; Figure A3.19E), 
Triple Detection SEC (Mn = 30310, PDI = 1.01) (Table 3.4) and 
1H NMR (Figure A3.19F).  
 
3.2.2.27 Synthesis of P(STY46-tBA40-EG47-MA57-EG47-STY46-MA57-tBA40)-(Ph-OH) (27) (8-
Block-OH) by CuAAC 
 
Polymer PtBA40-(Ph-OH)≡ 8 (0.01 g, 2.6×10-6 mol), P(STY46-tBA40-EG47-MA57-EG47-STY46-MA57)-
(Ph-N3) 26   (0.01 g, 3.2×10
-7 mol) and PMDETA  (2.2×10-4 mL, 1.0×10-6 mol) were dissolved in 1 mL 
DPPA/DBU
24
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of dry toluene in a 4 mL vial. Cu(I)Br (1.5×10-4 g, 1.0×10-6 mol) was taken in a 10 mL schlenk flask 
equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels were purged 
with argon for 30 min. The polymer solution was then transferred to the schlenk tube by applying argon 
pressure using double tip needle, and the schlenk tube was placed in a temperature controlled oil bath at 
25 °C. The reaction was stopped after 1.5 h and diluted with THF, and the copper salts were removed 
by passage through an activated basic alumina column. The solvent was removed by rotary evaporator 
and the polymer was purified by preparative SEC to remove undesired low molecular weight polymers. 
The solvent was removed by rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to 
obtain a glassy solid (0.009 g, 2.4×10-7 mol, yield = 75%).  SEC (Mn = 23960, PDI = 1.10; Figure 
A3.20C), Triple Detection SEC (Mn = 36600, PDI = 1.01) (Table 3.4) and 
1H NMR (Figure A3.20D).  
 
3.2.3 Analytical Methodologies 
 
Size Exclusion Chromatography (SEC).  
The molecular weight distributions of the polymers were determined using a Waters 2695 
separation module, fitted with a Waters 410 refractive index detector maintained at 35 °C, a Waters 
996 photodiode array detector, and two Ultrastyragel linear columns (7.8 × 300 mm) arranged in 
series. These columns were maintained at 40 °C for all analyses and were capable of separating 
polymers in the molecular weight range from 500 to 4 million g mol−1 with high resolution. HPLC 
grade THF was used as the eluent and all samples were eluted at a flow rate of 1.0 mL min−1. 
Calibration was performed using narrow molecular weight polystyrene (PSTY) standards (PDIRI ≤ 
1.1) ranging from 500 to 2 million g mol−1. Data acquisition was performed using Empower software, 
and molecular weights were calculated relative to polystyrene standards. 
 
Absolute Molecular Weight Determination by Triple Detection SEC.  
Absolute molecular weights of polymers were determined using a Polymer Laboratories 
GPC50 Plus equipped with a dual angle laser light scattering detector, a viscometer, and a differential 
refractive index detector. HPLC grade N,N-dimethylacetamide (DMAc, containing 0.03 wt% LiCl) 
was used as the eluent at a flow rate of 1.0 mL min−1. Separations were achieved using two PLGel 
Mixed B (7.8 × 300 mm) SEC columns connected in series and held at a constant temperature of 50 
°C. The triple detection system was calibrated using a 2 mg mL−1 PSTY standard (Polymer 
Laboratories: Mw = 110 K, dn/dc = 0.16 mL g−1and IV = 0.5809). Samples of known concentration 
were freshly prepared in DMAc + 0.03 wt% LiCl and passed through a 0.45 μm PTFE syringe filter 
prior to injection. The absolute molecular weights and dn/dc values were determined using Polymer 
Laboratories Multi Cirrus software based on the quantitative mass recovery technique. 
88 
 
Preparative Size Exclusion Chromatography (Prep SEC).  
Crude polymers were fractionated (i.e., purified) using a Varian Pro-Star preparative SEC 
system equipped with a manual injector, differential refractive index detector, and single wavelength 
ultraviolet visible detector. The flow rate was maintained at 10 mL min−1 and HPLC grade 
tetrahydrofuran was used as the eluent. Separations were achieved using a PL Gel 10 μm 10 × 103 Å, 
300 × 25 mm preparative SEC column at 25 °C. The dried crude polymer was dissolved in THF at 
100 mg mL−1 and filtered through a 0.45 μm PTFE syringe filter prior to injection. Fractions were 
collected manually, and the composition of each was determined using the Polymer Laboratories 
GPC50 Plus equipped with triple detection as described above. 
 
Nuclear Magnetic Resonance (NMR).  
All NMR spectra were recorded on a Bruker AV3400 MHz spectrometer using an external 
lock (CDCl3) and referenced to the residual nondeuterated solvent (CHCl3). A DOSY experiment was 
performed for polymer samples to suppress solvent peaks that could interfere with the integration. 
The spectra were recorded with the pulse gradient increasing from 2 to 85% of the maximum gradient 
strength and the d (p30) from 1 to 2 ms, with 64–128 scans. 
 
Matrix-Assisted Laser Desorption Ionization-Time-of-Flight (MALDI−ToF) Mass Spectrometry.  
MALDI−ToF MS spectra were obtained using a Bruker MALDI−ToF autoflex III smart beam 
equipped with a nitrogen laser (337 nm, 200 Hz maximum firing rate) with a mass range of 600−400 
000 Da. Spectra were recorded in either reflectron mode (500−5000 Da) or linear mode (5000−20000 
Da) as specified. Trans-2-[3-(4-tert-Butylphenyl)-2-methylpropenylidene]-malononitrile (DCTB; 20 
mg/mL in THF) was used as the matrix and Ag(CF3COO) or Na(CF3COO) (1 mg/mL in THF) as the 
cation source of all the samples. A 20 μL polymer solution (1 mg/mL in THF), 20 μL DCTB solutions, 
and a 2 μL Ag(CF3COO) or 2 μL Na(CF3COO) solution were mixed in an Eppendrof tube, vortexed, 
and centrifuged. A 1 μL sample of solution was placed on the target plate spot, the solvent was 
evaporated at ambient condition, and the measurement was run. 
 
Log-normal distribution (LND) model. 
The LND model has been used in our group to fit to the SEC weight-average distributions16-
17. We have recently showed how the LND simulation can be used to fit SEC traces for block 
copolymers with different dn/dc values18. This method was used to fit the SEC traces in this work 
using the following dn/dc values in THF at 35 oC: PSTY = 0.185 ml/g, PtBA = 0.049 ml/g, PEG = 
0.078 ml/g and PMA = 0.048 ml/g. The dn/dc values were calculated from equations 1, and Xi was 
determined from 1H NMR. 
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𝑑𝑛/𝑑𝑐𝐵𝑙𝑜𝑐𝑘 = ∑ 𝑋𝑝,𝑖𝑑𝑛/𝑑𝑐𝑖  (1) 
and 
∑ 𝑋𝑝,𝑖 = 1    (2) 
Where Xp,i is the weight fraction of homopolymer i with dn/dci.  
 
Mark-Houwink parameter 
The Mark-Houwink parameters for PSTY, PMA and PtBA in THF were used from literature 
values for low molecular weight polymers.  
 
Table 3.1: Mark-Houwink parameters used to determine Mn,RI. 
Polymer K (dL/g) a Ref 
PSTY 6.82 x 10-5 0.766 19-20 
PtBA 11.0 x 10-5 0.728 19 
PMA 8.35 x 10-5 0.768 19 
PEG 17.2 x 10-5 0.607 This work 
 
In the case of PEG, we determined the M-H parameters using the K and a values in the table 
for PSTY in THF using PEG standards (Table 3.2). The Mn,abs values were given by the supplier and 
the Mn,RI were determined by SEC using a PSTY calibration curve. 
 
Table 3.2: Determination of the Mark-Houwink parameters for PEG in THF. 
Mn,abs Mn,RI 
428 410 
2000 2330 
5000 7160 
10000 15030 
20000 30840 
35000 47980 
 
3.3 Results and discussion 
The ISG method was used to grow a chain of four low molecular weight macromers of 
polystyrene (PSTY, S; Mn = 5130), poly(t-butyl acrylate) (P
tBA, B; Mn= 5690), poly(ethylene glycol) 
(PEG, E; Mn = 2490), and poly(methyl acrylate) (PMA, M; Mn = 5230) (Scheme 3.3). These 
polymers were made by either ATRP or SET-LRP with low dispersity values (see Table 3.3), the 
halide end-group was azidated and then coupled to linker 2. The HO-end-group of purchased PEG 
was functionalized to the azide. The first step in the ISG process was the coupling of PtBA40-N3 (10) 
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to PSTY46-(OH)-≡ (5) to produce the first diblock 15 (BS-OH). The alcohol group was then directly 
azidated using DPPA/DBU in DMF at 50 °C for 24 h to form 16 in near quantitative yields as shown 
from the shift of the methylene protons at 4.5 to 4.1 ppm in the 1H NMR given in Figure 3.1. The size 
exclusion chromatograms (SEC) using refractive index (RI) detection with PSTY calibration curve 
showed a shift toward a higher molecular weight (Figure A3.14A). Analysis of the CuAAC coupling 
efficiency required simulation of the refractive index SEC using the Log-normal distribution (LND) 
model with known dn/dc values for the macromers and sequential product.17-18 The dn/dc values for 
the homopolymers were taken from the literature21-22 and those for the block copolymers determined 
by a weighted average of the homopolymers.18 
 
 
Figure 3.1. 1H NMR of azidation of benzyl alcohol end-group using DPPA/DBU in ISG approach. 
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Table 3.3: Molecular Weight Data (RI and Triple Detection) for all building blocks for Iterative 
Sequential Growth (ISG) synthetic approaches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
aThe molecular weight distribution from SEC (RI detector) was based on a PSTY calibration curve. bThe molecular weight 
distribution determined from DMAc Triple Detection SEC with 0.03 wt % of LiCl as eluent. cPDI values from triple 
detection underestimate the true PDI values since light scattering is less sensitive to the low molecular weight part of the 
distribution.  
 
 
Scheme 3.3: Synthesis of Sequence Defined Polymer by Iterative Sequential Growth (ISG) approach, 
Conditions: (i) CuAAC ‘click’ reaction: CuBr, PMDETA in toluene at 25 °C, (ii) Azidation: 
DPPA/DBU in DMF at 50 °C (dark). 
 
  
CuAAC
CuAAC
15 16 17
Azidation
5 
CuAAC
11
27
PSTY
PtBA PEG PMA PSTYPEG PMA P
tBA
5, PSTY 8, PtBA 11, PEG 14, PMA
Azidation
CuAAC
Sequence     Control
7
Sequence defined polymer
PtBA
PtBA
PSTY
PtBA
PSTY
PtBA
PSTY
PEG
S
B
M
S BS BS
EBS E S M B
MEBS
B
Polymer Polymer Block 
SEC (RI)a Mn SEC (TD)b 
dn/dc Repeating units by NMR 
Mn Đ (NMR) Mn Đc 
3 PSTY-Br  4770 1.08 4990 4970 1.01 0.185 46 
4 PSTY-N3 4790 1.08 4950 4990 1.01  46 
5 PSTY-(OH)-≡ 4900 1.07 5160 5130 1.01  46 
6 PtBA-Br 4900 1.14 5320 5380 1.01 0.049 40 
7 PtBA-N3 4960 1.14 5320 5360 1.01  40 
8 PtBA-(OH)-≡ 5420 1.12 5540 5690 1.01  40 
9 PEG-OTS       47 
10 PEG-N3 2600 1.04 2200 2190 1.01 0.078 47 
11 PEG-(OH)-≡ 2610 1.04 2330 2490 1.01  47 
12 PMA-Br 4880 1.04 5100 4950 1.01 0.048 57 
13 PMA-N3 4900 1.04 5060 4960 1.01  57 
14 PMA-(OH)-≡ 4920 1.04 5280 5230 1.01  57 
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Table 3.4: Characterization of polymers synthesized via Iterative Sequential Growth (ISG). 
 
 aThe molecular weight distribution from SEC (RI detector) was based on a PSTY calibration curve. b The yield is calculated from the isolated pure solid product after prep SEC. cThe 
molecular weight distribution determined from DMAc Triple Detection SEC with 0.03 wt % of LiCl as eluent. dPDI values from triple detection underestimate the true PDI values 
since light scattering is less sensitive to the low molecular weight part of the distribution. eHydrodynamic volume change (Mn,RI/Mn,TD).  
 
 
Polymer 
Block 
# 
Polymer Sequence 
SEC (RI)a 
[P-N3 : P-
≡] 
Purity Coupling 
Efficiency 
(%) 
Yieldb Mn Mn SEC (TD)
c 
Mn,RI/Mn,TD
e 
Rh (nm) dn/dc 
Mn Đ LND% 
(%) 
(NMR) (Theory) Mn Đd 
SEC 
(THF) 
(NMR) 
15_crude 2 B-S-OH 9340 1.08 1:1 92 93  10450       
16_crude  B-S-N3 9180 1.09  88          
16_prep  B-S-N3 9620 1.06  95  87 10470 10480 10440 1.01 0.92 2.37 0.115 
17_crude 3 B-S-E-OH 10560 1.16 1:1 98 99  12930       
18_crude  B-S-E-N3 11070 1.15  98          
18_prep  B-S-E-N3 12650 1.07  99  74 12940 13040 13210 1.01 0.97 2.76 0.108 
19_crude 4 B-S-E-M-OH 10430 1.33 1:2 61 77  18240       
20_crude  B-S-E-M-N3 10350 1.33  70          
20_prep  B-S-E-M-N3 15980 1.08  95  71 18260 18320 18050 1.02 0.87 3.15 0.091 
21_crude 5 B-S-E-M-E-OH 8420 1.93 1:2 70 78  20730       
22_crude  B-S-E-M-E-N3 14760 1.25  83          
22_prep  B-S-E-M-E-N3 17890 1.11  99  69 20740 20870 20610 1.01 0.86 3.36 0.089 
23_crude 6 B-S-E-M-E-S-OH 11100 1.62 1:2 70 75  25990       
24_crude  B-S-E-M-E-S-N3 10790 1.65  72          
24_prep  B-S-E-M-E-S-N3 22100 1.10  99  68 26010 26040 25960 1.01 0.85 3.79 0.109 
25_crude 7 B-S-E-M-E-S-M-OH 9540 1.83 1:6 38 69  31310       
26_crude  B-S-E-M-E-S-M-N3 10450 1.78  39          
26_prep  B-S-E-M-E-S-M-N3 23440 1.09  99  81 31320 31320 30310 1.01 0.77 3.92 0.098 
27_crude 8 
B-S-E-M-E-S-M-B-
OH 
12330 1.57 1:5 41 65 
 
       
27_prep  
B-S-E-M-E-S-M-B-
OH 
23960 1.10  99  
75 
36820 36740 36600 1.01 0.65 3.97 0.091 
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Simulating the SEC traces by the LND method has been described previously to obtain the 
true weight fractions of each polymer species in the reaction.18 The coupling efficiency by this 
method gave a purity of 92% (Figure A3.14D) and coupling efficiency of 93% for the two-
block 15 (Figure 3.2). Apart from the product, only the starting macromers remained (7% of 7 and 
1% of 5). Azidation to form 16, then purification by preparative SEC and subsequent CuAAC “click” 
with PEG-(OH)-≡ (11) to produce 17 (BSE-OH) (Scheme 3.3)  showed near quantitative loss of the 
azide end-group by 1H NMR (Figure 3.1) and a shift to a higher molecular weight from SEC (Figure 
A3.15A) with a purity of 98% and coupling efficiency of 99%. It can also be seen that the absolute 
molecular weight by both NMR and triple detection SEC was in excellent agreement with theory 
(Figure 3.3) not only for two and three blocks but also for higher block units. The purity of all the 
blocks after preparative SEC was greater than 95% (Table 3.4). With the sequential addition of more 
macromers, the purity after the CuAAC coupling reaction decreased with each subsequent addition, 
a similar trend found for the coupling efficiency (Figure 3.2). To increase the coupling efficiency, an 
excess of the macromer was added, especially when coupling to reach a high number of block units 
(Table 3.4). After the addition of 8 blocks, the coupling efficiency was greater than 65%, suggesting 
that the DPPA/DBU chemistry used was efficient to overcome the large steric crowding of coupling 
large macromolecules in a confined conformation (see miktoarm pictorial in Scheme 3.1). 
 
 
Figure 3.2. CuAAC coupling efficiency for ISG approach. 
 
 
Good resolution was found between the molecular weight distributions (MWDs) as the block 
number increased to 4 (Figure 3.4). At higher block numbers, the difference between the MWD of 
the previous block and a higher block number was small if not indistinguishable due to the 
conformational change to a star-like polymer topology. Both 1H NMR and triple detection SEC 
showed the expected increase in the number-average molecular weight (Mn) in agreement with theory 
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(Figure 3.3). The dispersities for all blocks after purification by preparative SEC were low and below 
1.11, suggesting that the DPPA/DBU and subsequent “click” strategy produced well-defined blocks 
in sequence; in this case, to an Mn of 37000 after 8 separate “click” reactions. The yields for the ISG 
process given in Table 3.4 were above 68%, and the highest yield of 87% found for 16. 
 
Figure 3.3. Absolute Mn determined by NMR, triple detection SEC and theory for ISG; all Mn data 
points were nearly the same with theory Mn represented as dashed lines 
 
Ring-opening metathesis polymerization (ROMP) of macromers was shown to form bottle 
brush structures due to the close proximity of the macromers.23 These solution coil conformations 
remain near spherical until a degree of polymerization (DP) of approximately 120, after which the 
coil drives toward a cylindrical structure.24 Therefore, in our system where the DP(maximum) was 
12, the sequential addition of macromers in such close proximity will be preferentially spherical in a 
good solvent like THF and its coil conformation will change with an increase in block number and 
change in the composition of the macromer sequence.  
There is a difference between the Mn,RI (determined from a PSTY calibration curve in THF) 
and both theory and Mn,abs (determined from triple detection SEC), in which the deviation increased 
with block number (Table 3.4). This resulted from the different hydrodynamic volumes of each 
macromer when forming denser miktoarm star-like structures in THF (see Scheme 3.1). Using the 
Mark–Houwink (M-H) constants for the macromers (see Table 3.1), the expected Mn,RI could be 
determined by calculating the hydrodynamic volume (Vh).
25 A comparison between Mn,theory (i.e., 
true Mn, curve a in Figure 3.5), Mn,M-H (curve b), and Mn,abs (curve c) showed that Mn,RI in theory 
would be very close to absolute molecular weight for the ISG process and independent of the 
macromer sequence. Comparing the Mn,RI obtained from SEC for the ISG, there was good agreement 
up to block 3, after which the Mn deviated toward a lower molecular weight (curve d).  
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Figure 3.4. Molecular weight distributions from SEC (RI) after purification by preparative SEC (by 
ISG process). See Table 3.4 for Mn and Đ values. 
 
The data suggest that tethering macromers within close proximity decreased the polymer coil 
size attributed to hydrodynamic volume adjustments upon addition of macromers in forming the 
miktoarm star-like structures. This hydrodynamic coil radius change can be calculated based on the 
equivalent hydrodynamic radius of PSTY standards25-26. The ratio of Rh,RI/Rh,M-H gives the 
normalized change in the coil radius with block length and sequence (Figure 3.6). For the ISG-made 
polymer, the ratio for BS was close to 0.95 suggesting a smaller hydrodynamic volume to what would 
be expected if the polymer chain could adopt its theoretical linear coil dimension (curve a). The 
addition of an E macromer to BS increased the ratio back to a value close to 1 (BSE), whereas a 
further addition of M decreased the ratio to ∼0.89 (i.e., BSEM). Subsequent addition of E (BSEME), 
like that observed for the third block BSE, again increased the ratio from 0.89 to 0.92. The sequential 
addition of S, M, and then B resulted in a decrease in the ratio from 0.92 to 0.76. The rate of decrease 
in the ratio with block length was similar when S, B, and M were sequentially added regardless of the 
order. 
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Figure 3.5. Number-average molecular weight (Mn) vs Mn,theory: curve a, Mn,theory; curve b, Mn,M-H; 
curve c, Mn,abs(TD-SEC); curve d, Mn,RI (based on PSTY calibration curve) for ISG process. 
 
 
Figure 3.6. Ratio of Rh(M-H)/ Rh(RI) vs block number, for  ISG process. 
  
The data demonstrated that the sequential growth method influenced the change in coil 
dimension, suggesting that the dimension of both the starting coil and the subsequent macromer 
dictated the coil dimension. For example, the addition of E increased the ratio whereas all other 
macromers decreased the ratio, and thus the coil dimension could be manipulated with the type of 
macromer added. It was found that ratio for the 8-macromer block made by ISG was of a similar coil 
size to that found for cyclic PSTY (Rh,RI/Rh,M-H ratio ∼ 0.84).27-28 
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3.4 Conclusion 
In summary, we have developed a strategy to prepare polymers with sequence control using 
a direct and one-step procedure for CuAAC activation. The DPPA/DBU method for near quantitative 
azidation of the benzyl alcohol allowed us to produce polymers built from a sequence of 
compositionally different macromers tethered together in close proximity to form miktoarm stars-like 
structures via the ISG method. With four different macromers, an 8-block polymer was synthesized 
using the ISG method, which produced a sequence defined polymer with 37000 molecular weight to 
be made with a low dispersity. We postulate that our strategy could be used to build sequence 
controlled polymers from small molecule building blocks and for reactions where halides or other 
groups may be unstable. We have demonstrated that sequence control of polymers does provide a 
more advanced way to drive toward a predictable structure–function relationship. 
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Chapter 4 
 
Sequence Control of Macromers via Iterative Exponential Growth 
 
A versatile strategy is reported for the synthesis of sequence-defined polymers by iterative 
exponential growth (IEG) from a palindromic 3-block sequence. Using the iterative sequential growth 
(ISG) approach a palindromic 3-block sequence based on three compositionally different macromers 
was developed. This sequence was extended to a 12-block sequence by IEG approach, which utilizes 
repeating cycles of highly selective functionalization reactions including the DPPA/DBU method for 
near quantitative azidation of the benzyl alcohol moiety and TIPS-deprotection reaction followed by 
CuAAC coupling reaction. Spherical miktoarm star-like polymers of up to 50000 molecular weight 
were prepared with a narrow polydispersity. It is anticipated that this synthetic strategy will serve 
both fundamental and advanced synthetic applications in material science and biotechnology due to 
its versatility and potential scalability.  
 
 
 
4.1 Introduction 
Living organisms through evolution have developed synthetic methodologies for producing 
sequence-specific polymers that carry out specific physiological functions. Similarly, synthesis of 
polymers, with controlled molecular weight and controlled sequential arrangement of monomers 
holds great potential for applications ranging from functional materials to medicine.1-2 As the specific 
arrangement of monomers in a particular sequence dictates the properties of the resulting structure.3  
(i) CuAAC
(ii) Deprotection
(iii) Azidation
P1 =  PSTY (S) P2 =  PtBA (B) P3 =  PEG (E)
S
B
E S
E
B
S
B
E
S E
B
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Current synthetic approaches to produce sequence-defined polymers include chains growth 
and step growth approaches. Chain growth approaches in particular living statistical polymerization 
approaches produce sequence-controlled structures on large scale; these approaches are operationally 
simple but provide limited molecular weight control, sequence control, and stereocontrol.4-6 On the 
contrary, step growth approaches (iterative sequential growth ISG) provide absolute structural 
control, but require multistep synthesis to achieve the final sequence. Each ISG cycle adds one 
monomer or macromer to the sequence and requires two to three steps per cycle.4, 7-9 In order to 
further, understand the effect of sequence control on structure-property relationship a synthetic 
strategy is required which is operationally simple, provides sequential precision similar to that of 
biopolymers and is potentially scalable. 
An advancement of the step growth approach is the Iterative Exponential Growth (IEG). In 
IEG a template polymer sequence with two dormant functionalities undergoes cycles of orthogonal 
activations and addition reactions to produce a sequence with double the molecular weight of the 
starting sequence. The sequence size doubles with each repeating reaction cycle, and high molecular 
weight sequences could be produced in relatively fewer cycles than ISG.10-11 The concept of IEG was 
introduced by Whiting12-14 for the synthesis of polyethylene unimers, followed by other groups15-20. 
These examples demonstrated the use of IEG as a synthetic approach, but provided limited use for 
the synthesis for sequence-defined polymers, due to solubility issues or lack of efficient 
functionalization approaches21. The use of CuAAC click chemistry in IEG approach was first 
demonstrated by Drockenmuller11. Johnson and Jamison groups further extended this combination, 
to produce stereo-controlled sequential oligomers,21 and later produced sequence controlled 
oligomers via automated synthesis13. IEG, provides precisely controlled sequences with stereocontrol 
and large excess of reagents are not required for coupling reactions. IEG is potentially scalable, as it 
requires fewer synthetic steps in comparison to ISG. This opens the possibility of using sequence-
defined architectures in large-scale applications. However, IEG is limited to the use of repetitive 
template sequences.14-16, 18-26 
Herein, we produced three macromers with molecular weights ranging from 3 to 5.5 k using 
ATRP, SET-LRP and CuAAC. These three macromers were sequentially coupled via ISG method to 
produce a three-block sequence. The backbone of this sequence contained a protected alkyne group 
on one end and an alcohol group on the opposite end. The IEG method was used to further extend the 
size of the sequence, each IEG cycle comprises of two orthogonal activation reactions and a 
subsequent addition reaction. This sequence was divided into two portions for two orthogonal 
activation reactions. The first portion was activated to produce a free alkyne group via a deprotection 
reaction using TBAF (tetrabutylammonium fluoride). The –HO group of the second portion was 
azidated using the diphenyl phosphorazidate (DPPA) and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) 
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method (i.e., DPPA/DBU method)27-28. These portions were coupled using a CuAAC “click” reaction 
in the following addition step. Repeating IEG cycles produced spherical miktoarm star-like structures 
with a molecular weight of up to 50000 (Scheme 4.1). The novelty of our synthetic strategy is that by 
using the same linker attached to the macromer, sequence-defined polymers can be produced in a 
facile manner by either ISG or IEG. Furthermore, the operational simplicity of this methodology and 
the use of highly efficient reactions yield high molecular weight sequences in good yields and allows 
efficient purifications.  
 
Scheme 4.1. Methodology for the Sequence Control of Macromers via (iterative exponential growth) 
ISG Using the Direct Activation Chemistry of Alcohols by DPPA/DBU: Conditions. (i) CuAAC 
“click” reaction: CuBr, PMDETA in toluene at 25 °C; (ii) azidation, DPPA/DBU in DMF at 50 °C 
(dark); (iii) deprotection, TBAF in THF at 25 °C. 
 
4.1.1 Aim of the Chapter 
The aim of this work was to develop a synthetic strategy for producing sequence-defined 
polymers with fewer number of synthetic step. Three different functional macromers synthesized by 
ATRP, SET-LRP and CuAAC, were sequtially coupled to produce a three-block sequence using the 
ISG method. This sequence was divided into two portions and these portions after orthogonal 
activations were coupled to produce a double molecular weight polymer in each cycle via the iterative 
exponential growth (IEG) method. The IEG process was based on highly efficient iterative addition-
activation reaction cycles where addition was done by CuAAC click reaction and activation involved 
two orthogonal reactions, TIPS-deprotection reaction (using TBAF) and azidation reaction (using 
DPPA/DBU method). 
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4.2 Experimental 
 
4.2.1 Materials 
The following monomers were deinhibited before use by passing through a basic alumina column: 
styrene (STY: Aldrich, >99 %), tert-butyl acrylate (tBA: Aldrich, >99 %) and methyl acrylate (MA: 
Aldrich, >99 %).  
The following reagents were used as received: alumina, activated basic (Aldrich: Brockmann I, 
standard grade, ~ 150 mesh, 58 Å), magnesium sulfate, anhydrous (MgSO4: Scharlau, extra pure), 
potassium carbonate (K2CO3: AnalaR, 99.9 %), silica gel 60 (230–400 mesh ATM (SDS)), pyridine 
(99%, Univar reagent), propargyl bromide solution (80 wt % in xylene, Aldrich), p-toluenesulfonyl 
chloride (Aldrich, ≥ 98 %), sodium chloride (NaCl: Univar, 99.9%), sodium azide (NaN3: Aldrich, ≥ 
99.5 %), TLC plates (silica gel 60 F254), silica gel 60 (230−400 mesh ATM (SDS)), lithium 
aluminum hydride (LiAlH4, Aldrich, 98%), diphenylphosphoryl azide (DPPA, Aldrich, 97%), 1,8-
diazabicylco[5.4.0]undec-7-ene (DBU, Aldrich, 98%), 18-crown-6 ether (18-C-6, Aldrich, 99%), 
Methyl 3,5-dihydroxybenzoate. The following solvents were used as received: acetone (ChemSupply, 
AR), chloroform (CHCl3: Univar, AR grade), dichloromethane (DCM: Labscan, AR grade), diethyl 
ether (Univar, AR grade), dimethyl sulfoxide (DMSO: Labscan, AR grade), N,N-dimethylformamide 
(DMF: Labscan, AR grade), ethanol (EtOH: ChemSupply, AR), ethyl acetate (EtOAc: Univar, AR 
grade), hexane (Wacol, technical grade, distilled), hydrochloric acid (HCl, Univar, 32 %), anhydrous 
methanol (MeOH: Lichrosolv, 99.9 %, HPLC grade), Milli-Q water (Biolab, 18.2 MΩm), 
tetrahydrofuran (THF: Labscan, HPLC grade), toluene (HPLC, Labscan, 99.8%). N,N-
dimethylacetamide (DMAc: Aldrich, HPLC grade) and petroleum spirit (BR 40−60 °C, Univar, AR 
grade). 
The following polymer, initiators, ligands and metals for the various polymerizations were used as 
received unless otherwise stated. Poly(ethylene glycol) monomethyl ether (PEG47-OH), Aldrich, Mn 
= 2000). ethyl-2-bromoisobutyrate (EBiB, Aldrich, 98 %), N,N,N’,N’,N’’-pentamethyldiethylenetri-
amine (PMDETA: Aldrich, 99 %), copper wire (0.2 mm diameter), copper powder (Sigma-Aldrich, 
< 425 micron, 99.5 % metals basis), copper(II) bromide (Cu(II)Br2: Aldrich, 99%), copper(I)bromide, 
Cu(II)Br2/Me6TREN and Cu(II)Br2/PMDETA complex were synthesized in our group.  
 
4.2.2 Synthetic Procedures 
 
4.2.2.1 Synthesis of methyl 3,5-bis (propargyloxy) benzoate (1) 
Methyl 3,5-dihydroxybenzoate (3.20 g, 1.9×10-2 mol), propargyl bromide (2.26 g, 4.1×10-2 
mol) and 18-crown-6 (1.10 g, 4.1×10-3 mol) were dissolved in 200 mL of acetone. Anhydrous 
potassium carbonate (5.78 g, 4.1×10-2 mol) was added and the reaction was refluxed at 80 °C for 48 
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h. The reaction was then cooled to room temperature, filtered, and the filtrate was concentrated by 
rotary evaporation. The resulting solid was recrystallized from methanol to give pure 3,5-bis 
(propargyloxy) benzoate (60%, 2.75 g, 1.1×10-2 mol) 1 (Figure A4.1) as white crystals.  
 
4.2.2.2 Synthesis of methyl 3,5-bis (propargyloxy) benzyl alcohol (2) 
3,5-bis (propargyloxy) benzoate (2.50 g, 1.0×10-2 mol) 1 was dissolved 200 mL of dry THF 
at 0 °C under argon and LiAlH4 (0.46 g, 1.2×10-2 mol) was added portion-wise over a period of 30 
min. The mixture was kept in ice bath and stirred for 1 hr and then at room temperature for another 
16 h. The reaction was quenched by slowly adding crushed Na2SO4.10H2O, and the mixture was 
filtered and dried with anhydrous MgSO4. After removing the solvent by rotary evaporation, the crude 
product was crystallized from hexane to give (2.12 g, 9.8×10-3 mol) 2 (Scheme 4.2 and Figure A4.2) 
as white crystals.  
 
 
Scheme 4.2: Synthesis of dialkyne-alcohol linker (2): Reactants and conditions: (i) Acetone, 
K2CO3, RT, 48 h; (ii) LiAlH4, THF, 0 °C-RT, 16 h 
 
4.2.2.3 Synthesis of Methyl 3-(propargyloxy)-5-(hydroxy)-benzoate (3) 
Methyl 3,5-dihydroxybenzoate (3.20 g, 1.9×10-2 mol), propargyl bromide (1.35 g, 1.5×10-2 
mol) and 18-crown-6 (0.40 g, 1.5×10-3 mol) were dissolved in dry 100 mL of dry DMF. Anhydrous 
potassium carbonate (5.78 g, 4.1×10-2 mol) was added and the reaction was refluxed at 80 °C for 48 
h. The reaction was then cooled to room temperature, filtered, and the filtrate was concentrated by 
rotary evaporation. The product was purified by column chromatography using petroleum spirit/ethyl 
acetate (4/1, v/v) as the eluent, and the product, 3 (Scheme 4.3 and Figure A4.3), was obtained as a 
pale yellow solid (50%, 1.96 g, 1.5×10-3 mol); Rf (4/1 petroleum spirit/ethyl acetate) 0.67. 
 
4.2.2.4 Synthesis of Methyl 3-(triisopropylsilyl-propargyloxy)-5-(propargyloxy)-benzoate (4) 
Methyl 3-(propargyloxy)-5-(hydroxy)-benzoate 3 (1.7 g, 8.0×10-3 mol), 3-(triisopropylsilyl)-
2-propyne bromide (2.48 g, 9.0×10-3 mol), which was synthesized according to the literature 
procedure reported by our group29, and 18-crown-6 (0.23 g, 9.0×10-4 mol) were dissolved in 150 mL 
of acetone. Anhydrous potassium carbonate (1.25 g, 9.0×10-3 mol) was added and the reaction was 
refluxed at 80 °C for 48 h. The reaction was then cooled to room temperature, filtered, and the filtrate 
was concentrated by rotary evaporation. The product was purified by column chromatography using 
(i)
(ii)
1 2
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petroleum spirit/dichloromethane (1/1, v/v) as the eluent, and the product, 4 (Scheme 4.3 and Figure 
A4.4), was obtained as a pale yellow solid (60%, 1.98 g, 4.9×10-3 mol); Rf (1/1 petroleum 
spirit/dichloromethane) 0.65. 
 
4.2.2.5 Synthesis of Methyl 3-(triisopropylsilyl-propargyloxy)-5-(propargyloxy)-benzyl alcohol 
(5) 
Methyl 3-(triisopropylsilyl-propargyloxy)-5-(propargyloxy)-benzoate 4 (1.50 g, 3.7×10-3 
mol) was dissolved 200 mL of dry THF at 0 °C under argon and LiAlH4 (0.17 g, 4.5×10
-3 mol) was 
added portion-wise over a period of 30 min. The mixture was kept in ice bath and stirred for 1 hr and 
then at room temperature for another 16 h. The reaction was quenched by slowly adding crushed 
Na2SO4.10H2O, and the mixture was filtered and dried with anhydrous MgSO4. After removing the 
solvent by rotary evaporation, the crude product was purified by column chromatography using 
petroleum spirit/ethyl acetate (1/1, v/v) as the eluent, and the product, 5 (Scheme 4.3 and Figure 
A4.5), was obtained as a pale yellow liquid (90%, 1.25 g, 3.3×10-3 mol); Rf (1/1 petroleum spirit/ethyl 
acetate) 0.73. 
 
 
Scheme 4.3: Synthesis of alkyne-(TIPS-alkyne)-alcohol linker (5): Reactants and conditions: (i) 
Acetone, K2CO3, RT, 48 h; (ii) LiAlH4, THF, 0°C-RT, 16 h.   
 
4.2.2.6 Synthesis of PSTY31-Br (6) by ATRP 
 
Styrene (11.21 g, 1.0×10-1 mol), PMDETA (1.9×10-1 g, 1.1×10-3 mol), ethyl 2-bromobutyrate 
(3.0×10-1 g, 1.5×10-3 mol) and CuBr2/PMDETA complex (9.1×10
-2 g, 2.0×10-4 mol) were added to a 
Schlenk flask and purged with argon for 30 min with vigorous stirring. Cu(I)Br (1.6×10-1 g, 1.1×10-
3 mol) was added under a positive argon flow and the contents were further degassed for 5 min. The 
reaction vessel was then sealed, placed in an oil bath at 80 °C and the reaction mixture stirred for 4 
h. The reaction was terminated by quenching in ice followed by exposure to air. The contents were 
diluted with THF (ca. 3 fold to the reaction mixture volume), and passed through activated basic 
alumina. The solvent was removed under reduced pressure and the residue dissolved in a minimal 
amount of THF. The polymer was precipitated in MeOH (10-fold excess to polymer solution). The 
(ii)
3 4 5
(i) (i)
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resulting white precipitate was collected by vacuum filtration and dried in vacuo for 24 h at 25 °C. 
SEC (Mn = 3170, PDI = 1.07; Figure A4.6A), Triple Detection SEC (Mn = 3480, PDI = 1.01) (Table 
4.3). The polymer was further characterized by 1H NMR (Figure A4.6B) and MALDI-ToF (Figure 
A4.6C). 
 
4.2.2.7 Synthesis of PSTY31-N3 (7) by Azidation with NaN3 
 
Polymer PSTY31-Br 9 (2.5 g, 7.8×10
-4 mol) was dissolved in 15 mL of DMF in a 20 mL 
reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (1.0 g, 1.5×10
-2 mol) was 
added and the mixture stirred for 24 h at 25 oC. The polymer solution was directly precipitated into 
MeOH/H2O (95/5, v/v) (20-fold excess to polymer solution) from DMF, recovered by vacuum 
filtration and washed exhaustively with water and MeOH. The polymer was dried in vacuo for 24 h 
at 25 °C. SEC (Mn = 3130, PDI = 1.07; Figure A4.7A), Triple Detection SEC (Mn = 3490, PDI = 
1.01) (Table 4.3). The polymer was further characterized by 1H NMR (Figure A4.7B) and MALDI-
ToF (Figure A4.8C). 
 
4.2.2.8 Synthesis of PSTY31-(Ph-OH)≡-TIPS  (8) by CuAAC 
 
Polymer PSTY31-N3 10 (0.8 g, 2.5×10
-4 mol), PMDETA (5.3×10-2 mL, 2.5×10-4 mol) and 
alkyne-(TIPS-alkyne)-alcohol linker 5 (9.5×10-2
 
g, 3.0×10-4 mol) were dissolved in 10 mL toluene. 
CuBr (3.6×10-2 g, 2.5×10-4 mol) was added to a 20 mL schlenk flask equipped with magnetic stirrer 
wrapped with Cu wire (0.25 g, 3.9×10-3 mol) and both vessels were purged with argon for 20 min. 
The polymer solution was then transferred to CuBr flask by applying argon pressure using double tip 
needle. The reaction mixture was purged with argon for a further 2 min and the flask was placed in a 
temperature controlled oil bath at 25 °C for 1.5 h. The reaction was then diluted with THF (ca. 3 fold 
to the reaction mixture volume), and passed through activated basic alumina to remove the copper 
salts. The solution was concentrated by rotary evaporator and the polymer was recovered by 
precipitation into a large amount of MeOH (20 fold excess to polymer solution) and filtration. The 
polymer was dried in vacuo for 24 h at 25 °C. SEC (Mn = 3650, PDI = 1.06; Figure A4.8A) and 
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Triple Detection SEC (Mn = 3780, PDI = 1.01) (Table 4.3). The polymer was further characterized 
by 1H NMR (Figure A4.8B) and MALDI-ToF (Figure A4.8C). 
 
4.2.2.9 Synthesis of PSTY31-(Ph-N3)≡-TIPS  (9) by Azidation with DPPA/DBU 
 
Polymer PSTY31-(Ph-OH)≡-TIPS  11 (0.7 g, 1.9×10-4 mol) was dissolved in 9 mL of DMF in 
a reaction vessel equipped with a magnetic stirrer. The vessel was wrapped in aluminum foil to avoid 
light and solution was purged with argon for 30 min. DPPA (8.2×10-1 mL, 3.8×10-3 mol) and DBU 
(6.0×10-1 mL, 1.8×10-3 mol) were added to the reaction mixture. The reaction mixture was further 
degassed for 5 min and then placed into a temperature controlled oil bath at 50 °C. The reaction was 
stopped after 24 h and the solvent was removed by rotary evaporator. The resulting mixture was taken 
in a centrifuge tube and toluene was added to the mixture and the tube was vortexed and centrifuged. 
The toluene phase was collected and concentrated by rotary evaporation and the polymer was diluted 
with THF (ca. 3 fold to the reaction mixture volume) and recovered by precipitation into a large 
amount of MeOH (20 fold excess to polymer solution) and filtration. The polymer was dried in vacuo 
for 24 h at 25 °C. SEC (Mn = 3720, PDI = 1.05; Figure A4.9A), Triple Detection SEC (Mn = 3800, 
PDI = 1.01) (Table 4.3). The polymer was further characterized by 1H NMR (Figure A4.9B) and 
MALDI-ToF (Figure A4.9C). 
 
4.2.2.10 Synthesis of PtBA40-Br (10) by SET-LRP 
 
tert-Butyl Acrylate (tBA) (7.88 g, 6.1×10-2 mol), Me6tren (0.41 mL, 1.5×10
-3 mol), 
CuBr2/Me6tren (0.31 g, 6.9×10
-4 mol), ethyl 2-bromobutyrate (3.0×10-1 g, 1.5×10-3 mol), DMSO 
(0.504 mL) and acetone (5.6 mL) were added to a 25 mL Schlenk flask equipped with a magnetic 
stirrer. The reaction mixture was cooled down to 0 °C and sparged with argon for 25 min to remove 
oxygen. Cu(0) (9.8×10-2 g, 1.5×10-3 mol) was then carefully added to the solution under an argon 
blanket. The reaction mixture was further degassed for 5 min at 0 °C and then placed into a 
temperature controlled water bath at 22 °C for 50 min. The reaction was quenched by cooling in liquid 
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nitrogen, exposure to air, and dilution with THF (ca. 3 fold to the reaction mixture volume). The 
copper salts were removed by passage through an activated basic alumina column. The solution was 
concentrated by rotary evaporator and the polymer was precipitated into cold MeOH/water mixture 
(40:60 v/v, 20 fold excess to polymer solution) twice. The polymer (viscous glassy solid) was dried 
in vacuo for 24 h at 25 °C. SEC (Mn = 4900, PDI = 1.14; Figure A4.10A), Triple Detection SEC (Mn 
= 5380, PDI = 1.01) (Table 4.3). The polymer was further characterized by 1H NMR (Figure A4.10B) 
and MALDI-ToF (Figure A4.10C). 
 
4.2.2.11 Synthesis of PtBA40-N3 (11) by Azidation with NaN3 
 
Polymer PtBA40-Br 6 (2.0 g, 3.9×10
-4 mol) was dissolved in 15 mL of DMF in a 20 mL 
reaction vessel equipped with a magnetic stirrer. To this solution NaN3 (0.5 g, 7.9×10
-3 mol) was 
added and the mixture stirred for 24 h at 25 oC. The polymer solution was concentrated by airflow to 
approximately a third of the original volume and precipitated into cold MeOH/water mixture (20:80 
v/v, ~10 fold excess to polymer solution) from DMF. All liquid was decanted and the polymer 
(viscous solid) was then dried in vacuo for 24 h at 25 oC. SEC (Mn = 4960, PDI = 1.16; Figure 
A4.11A), Triple Detection SEC (Mn = 5360, PDI = 1.01) (Table 4.3). The polymer was further 
characterized by 1H NMR (Figure A4.11B) and MALDI-ToF (Figure A4.11C). 
 
4.2.2.12 Synthesis of PtBA40-(Ph-OH)≡  (12) by CuAAC 
 
Polymer PtBA40-N3 7 (0.5 g, 1.0×10
-4 mol), PMDETA (2.0×10-2 mL, 1.0×10-4 mol) and 
dialkyne alcohol linker 2 (0.21
 
g, 1.0×10-3 mol) were dissolved in 9 mL toluene. CuBr (1.4×10-2 g, 
1.0×10-4 mol) was added to a 20 mL schlenk flask equipped with magnetic stirrer wrapped with Cu 
wire (0.25 g, 3.9×10-3 mol) and both vessels were purged with argon for 20 min. The polymer solution 
was then transferred to CuBr flask by applying argon pressure using double tip needle. The reaction 
mixture was purged with argon for a further 2 min and the flask was placed in a temperature controlled 
oil bath at 25 °C for 1.5 h. The reaction was diluted with THF and copper salts were removed by 
passage through an activated basic alumina column. The solution was concentrated by rotary 
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evaporator and the polymer was precipitated into cold MeOH/water mixture (40:60 v/v, 20 fold 
excess to polymer solution). The polymer (viscous glassy solid) was dried in vacuo for 24 h at 25 °C. 
The polymer was purified by preparative SEC to remove excess linker as well as high MW impurities. 
The polymer was concentrated on a rotary evaporator and dried in vacuo for 24 h at 25 °C. SEC (Mn 
= 5420, PDI = 1.12; Figure A4.12A) and Triple Detection SEC (Mn = 5690, PDI = 1.01) (Table 4.3). 
The polymer was further characterized by 1H NMR (Figure A4.12B). 
 
4.2.2.13 Synthesis of PEG47-OTs (13) by Tosylation 
 
Poly-(ethylene glycol) monomethyl ether PEG47−OH (Mn = 2000, 20.0 g, 1.0×10-2 mol) was 
dissolved in pyridine (60 mL) with stirring, under argon at 25 °C. The contents were cooled in an ice 
bath and tosyl chloride (19.06 g, 1.0×10-1 mol) was added portion-wise under positive argon flow. 
The reaction contents were allowed to slowly warm up to room temperature after addition and stirred 
overnight at room temperature. The contents turned an orange/yellow color. After stirring, the 
reaction mixture was diluted with cold water and extracted with dichloromethane (×3). The organic 
phases were washed with cold 6 M HCl (×2), dried with Na2SO4 and filtered. The solvent was reduced 
in volume under vacuum and the polymer solution precipitated into diethyl ether (10 fold excess to 
polymer solution). The white, waxy solid was recovered by vacuum filtration and dried in vacuo for 
24 h at 25 °C. 
 
4.2.2.14 Synthesis of PEG47-N3 (14) by Azidation with NaN3 
 
NaN3 (3.25 g, 5.0×10
-2 mol) was added to a stirring solution of PEG47-OTs 16 (Mn ∼ 2000, 
10.0 g, 5.0×10-3 mol) in DMF (50.0 mL) (milky white solution). The reaction mixture was stirred for 
24 h at 25 °C. After stirring, the reaction mixture was poured into a brine solution and extracted with 
dichloromethane (×3). The organic layers were dried with Na2SO4 and filtered. The solvent was 
removed under reduced pressure and the residue was dissolved in dichloromethane and precipitated 
into diethyl ether (10 fold excess to polymer solution). The white precipitate was collected via 
vacuum filtration and dried in vacuo for 24 h at 25 °C. SEC (Mn = 2600, PDI = 1.04; Figure A4.13A) 
and Triple Detection SEC (Mn = 2190, PDI = 1.01) (Table 4.3). The polymer was further 
characterized by 1H NMR (Figure A4.13B) and MALDI-ToF (Figure A4.13C). 
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4.2.2.15 Synthesis of PEG47-(Ph-OH)≡  (15) by CuAAC 
 
Polymer PEG47-N3 10 (0.8 g, 4.0×10
-4 mol), PMDETA (8.0×10-2 mL, 4.0×10-4 mol) and 
dialkyne alcohol linker 2 (0.86
 
g, 4.0×10-3 mol) were dissolved in 18 mL toluene. CuBr (5.7×10-2 g, 
4.0×10-4 mol) was added to a 25 mL schlenk flask equipped with magnetic stirrer wrapped with Cu 
wire (0.25 g, 3.9×10-3 mol) and both vessels were purged with argon for 20 min. The polymer solution 
was then transferred to CuBr flask by applying argon pressure using double tip needle. The reaction 
mixture was purged with argon for a further 2 min and the flask was placed in a temperature controlled 
oil bath at 25 °C for 1.5 h. The solvent was removed using rotary evaporator and the residue was 
dissolved in dichloromethane and passed through activated basic alumina to remove the copper salts. 
The solvent was removed using rotary evaporator and the polymer was dissolved in water which 
resulted in the precipitation of the unreacted linker. The water solution was filtered and washed with 
dichloromethane (×3) and dried with Na2SO4 and filtered. The solvent was reduced in volume under 
vacuum and the polymer solution precipitated into diethyl ether (10 fold excess to polymer solution). 
The white precipitate was dried in vacuo for 24 h at 25 °C. SEC (Mn = 2610, PDI = 1.04; Figure 
A4.14A) and Triple Detection SEC (Mn = 2490, PDI = 1.01) (Table 4.3). The polymer was further 
characterized by 1H NMR (Figure A4.14B) and MALDI-ToF (Figure A4.14C). 
 
4.2.2.16 Synthesis of P(STY31-EG47)-(Ph-OH)-≡-TIPS (16) (2-Block-OH)≡-TIPS by CuAAC 
 
Polymer PSTY31-(Ph-N3)≡-TIPS  9 (0.63 g, 1.6×10-4 mol), PEG47-(Ph-OH)-≡ 15 (0.44 g, 
1.6×10-4 mol) and PMDETA  (7.0×10-2 mL, 3.3×10-4 mol) were dissolved in 8 mL of dry toluene in 
a 20 mL vial. Cu(I)Br (4.8×10-2 g, 3.3×10-4 mol) was taken in a 20 mL schlenk flask equipped with 
magnetic stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol). Both vessels were purged with argon 
for 30 min. The polymer solution was then transferred to the schlenk tube by applying argon pressure 
using double tip needle, and the schlenk tube was placed in a temperature controlled oil bath at 25 
CuAAC
9 + 15
16
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°C. The reaction was stopped after 1.5 h and diluted with THF, and the copper salts were removed by 
passage through an activated basic alumina column. The solvent was removed by rotary evaporator 
and the polymer was dried in vacuo for 24 h at 25 °C to obtain a white solid. SEC (Mn = 6130, PDI 
= 1.10; Figure A4.15A) and 1H NMR (Figure A4.15B). 
 
4.2.2.17 Synthesis of P(STY31-EG47)-(Ph-N3)-≡-TIPS (17) (2-Block-N3)≡-TIPS by Azidation 
with DPPA/DBU 
 
Polymer P(STY31-EG47)-(Ph-OH)-≡-TIPS 16 (1.02 g, 1.6×10-4 mol) was dissolved in 9 mL of 
DMF in a reaction vessel equipped with a magnetic stirrer. The vessel was wrapped in aluminum foil to 
avoid light and solution was purged with argon for 30 min. DPPA (7.0×10-1 mL, 3.2×10-3 mol) and DBU 
(5.1×10-1 mL, 3.4×10-3 mol) were added to the reaction mixture. The reaction mixture was further 
degassed for 5 min and then placed into a temperature controlled oil bath at 50 °C. The reaction was 
stopped after 24 h and the solvent was removed by rotary evaporator. The resulting mixture was taken 
in a centrifuge tube and toluene was added to the mixture and the tube was vortexed and centrifuged. 
The toluene phase was collected and concentrated by rotary evaporation and the polymer was purified 
by preparative SEC to remove undesired low molecular weight polymers. The solvent was removed by 
rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain a white solid (0.80 g, 
1.2×10-4 mol, yield = 79%). SEC (Mn = 6670, PDI = 1.03; Figure A4.15E), Triple Detection SEC (Mn 
= 6280, PDI = 1.01) (Table 4.4) and 1H NMR (Figure A4.15F).  
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4.2.2.17 Synthesis of P(STY31-EG47-tBA40)-(Ph-OH)-≡-TIPS (18) (3-Block-OH)≡-TIPS by 
CuAAC 
 
Polymer P(STY31-EG47)-(Ph-N3)-≡-TIPS 16 (0.21 g, 3.4×10-5 mol), PtBA40-(Ph-OH)-≡ 12 
(0.19 g, 3.4×10-5 mol) and PMDETA  (1.4×10-2 mL, 6.9×10-5 mol) were dissolved in 4 mL of dry 
toluene in a 7 mL vial. Cu(I)Br (9.9×10-3 g, 6.9×10-5 mol) was taken in a 10 mL schlenk flask 
equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels were purged 
with argon for 30 min. The polymer solution was then transferred to the schlenk tube by applying 
argon pressure using double tip needle, and the schlenk tube was placed in a temperature controlled 
oil bath at 25 °C. The reaction was stopped after 1.5 h and diluted with THF, and the copper salts 
were removed by passage through an activated basic alumina column. The solvent was removed by 
rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid. SEC 
(Mn = 10350, PDI = 1.14; Figure A4.16A) and 1H NMR (Figure A4.16B). 
 
4.2.2.19 Synthesis of P(STY31-EG47-tBA40)-(Ph-OH)≡ (19) (3-Block-OH)≡ by Deprotection with 
TBAF 
 
Polymer P(STY31-EG47-
tBA40)-(Ph-OH)-≡-TIPS 18 (0.19 g, 1.5×10-5 mol) was dissolved in 5 
mL of dry THF in a 10 mL Schlenk tube equipped with magnetic stirrer. To this solution, 0.18 mL of 
TBAF (1.0 M in THF solution, 1.5 × 10-4 mol) solution was added and the mixture stirred for 24 h at 
25 °C under argon atmosphere. The polymer was dried and purified by preparative SEC to remove 
undesired high and low molecular weight impurities. The solvent was removed by rotary evaporator 
and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid (0.1 g, 8.5×10-6 mol, 
CuAAC
12 + 16
18
TBAF
18
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yield = 52%). SEC (Mn = 11360, PDI = 1.05; Figure A4.16E), Triple Detection SEC (Mn = 11760, 
PDI = 1.01) and 1H NMR (Figure A4.16F). 
 
4.2.2.20 Synthesis of P(STY31-EG47-tBA40)-(Ph-N3)-≡-TIPS (20) (3-Block-N3)≡-TIPS by 
Azidation with DPPA/DBU 
 
Polymer P(STY31-EG47-
tBA40)-(Ph-OH)-≡-TIPS 18 (0.19 g, 1.6×10-5 mol) was dissolved in 5 
mL of DMF in a reaction vessel equipped with a magnetic stirrer. The vessel was wrapped in aluminum 
foil to avoid light and solution was purged with argon for 30 min. DPPA (7.0×10-2 mL, 3.2×10-4 mol) 
and DBU (5.1×10-2 mL, 3.4×10-4 mol) were added to the reaction mixture. The reaction mixture was 
further degassed for 5 min and then placed into a temperature controlled oil bath at 50 °C. The reaction 
was stopped after 24 h and the solvent was removed by rotary evaporator. The resulting mixture was 
taken in a centrifuge tube and toluene was added to the mixture and the tube was vortexed and 
centrifuged. The toluene phase was collected and concentrated by rotary evaporation and the polymer 
was purified by preparative SEC to remove undesired low molecular weight polymers. The solvent was 
removed by rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy 
solid (0.105 g, 8.5×10-6 mol, yield = 55%). SEC (Mn = 12230, PDI = 1.06; Figure A4.16I) (Table 4.4) 
and 1H NMR (Figure A4.16H).  
 
4.2.2.21 Synthesis of P(STY31-EG47-tBA40)2-(Ph-OH)-≡-TIPS (21) (6-Block-OH)≡-TIPS by 
CuAAC 
 
DPPA/DBU
18
20
CuAAC
19 + 20
21
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Polymer P(STY31-EG47-
tBA40)-(Ph-OH)≡ 19 (0.09 g, 7.5×10-6 mol), P(STY31-EG47-tBA40)-
(Ph-N3)-≡-TIPS 20 (0.08 g, 7.5×10-6 mol) and PMDETA  (3.1×10-3 mL, 1.5×10-5 mol) were dissolved 
in 2.5 mL of dry toluene in a 4 mL vial. Cu(I)Br (2.1×10-3 g, 1.5×10-5 mol) was taken in a 10 mL 
schlenk flask equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels 
were purged with argon for 30 min. The polymer solution was then transferred to the schlenk tube by 
applying argon pressure using double tip needle, and the schlenk tube was placed in a temperature 
controlled oil bath at 50 °C. The reaction was stopped after 1.5 h and diluted with THF, and the copper 
salts were removed by passage through an activated basic alumina column. The solvent was removed 
by rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid. 
SEC (Mn = 19030, PDI = 1.16; Figure A4.17A) and 1H NMR (Figure A4.17B). 
 
4.2.2.22 Synthesis of P(STY31-EG47-tBA40)2-(Ph-OH)≡ (22) (6-Block-OH)≡ by Deprotection with 
TBAF 
 
Polymer P(STY31-EG47-
tBA40)2-(Ph-OH)-≡-TIPS 21 (0.07 g, 3.5×10-6 mol) was dissolved in 
4 mL of dry THF in a 10 mL Schlenk flask equipped with magnetic stirrer. To this solution, 0.05 mL 
of TBAF (1.0 M in THF solution, 3.5 × 10-5 mol) solution was added and the mixture stirred for 24 
h at 25 °C under argon atmosphere. The polymer was dried and purified by preparative SEC to remove 
undesired high and low molecular weight impurities. The solvent was removed by rotary evaporator 
and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid (0.03 g, 1.4×10-6 mol, 
yield = 42%). SEC (Mn = 21290, PDI = 1.06; Figure A4.17E), Triple Detection SEC (Mn = 23540, 
PDI = 1.01) and 1H NMR (Figure A4.17F). 
 
TBAF
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4.2.2.23 Synthesis of P(STY31-EG47-tBA40)2-(Ph-N3)-≡-TIPS (23) (6-Block-N3)≡-TIPS by 
Azidation with DPPA/DBU 
 
Polymer P(STY31-EG47-
tBA40)2-(Ph-OH)-≡-TIPS 21 (0.07 g, 3.4×10-6 mol) was dissolved in 3 
mL of DMF in a reaction vessel equipped with a magnetic stirrer. The vessel was wrapped in aluminum 
foil to avoid light and solution was purged with argon for 30 min. DPPA (1.4×10-2 mL, 6.8×10-5 mol) 
and DBU (1.0×10-2 mL, 7.1×10-5 mol) were added to the reaction mixture. The reaction mixture was 
further degassed for 5 min and then placed into a temperature controlled oil bath at 50 °C. The reaction 
was stopped after 24 h and the solvent was removed by rotary evaporator. The resulting mixture was 
taken in a centrifuge tube and toluene was added to the mixture and the tube was vortexed and 
centrifuged. The toluene phase was collected and concentrated by rotary evaporation and the polymer 
was purified by preparative SEC to remove undesired low molecular weight polymers. The solvent was 
removed by rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy 
solid (0.033 g, 1.4×10-6 mol, yield = 47%). SEC (Mn = 21170, PDI = 1.09; Figure A4.17I) (Table 4.4) 
and 1H NMR (Figure A4.17H).  
 
4.2.2.24 Synthesis of P(STY31-EG47-tBA40)4-(Ph-OH)-≡-TIPS (24) (12-Block-OH)≡-TIPS by 
CuAAC 
 
Polymer P(STY31-EG47-
tBA40)2-(Ph-OH)≡ 22 (0.02 g, 1.0×10-6 mol), P(STY31-EG47-tBA40)2-
(Ph-N3)-≡-TIPS 23 (0.02 g, 1.0×10-6 mol) and PMDETA  (6.5×10-4 mL, 3.1×10-6 mol) were dissolved 
in 1.5 mL of dry toluene in a 4 mL vial. Cu(I)Br (4.4×10-4 g, 3.1×10-6 mol) was taken in a 10 mL 
schlenk flask equipped with magnetic stirrer wrapped with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels 
were purged with argon for 30 min. The polymer solution was then transferred to the schlenk tube by 
applying argon pressure using double tip needle, and the schlenk tube was placed in a temperature 
controlled oil bath at 50 °C. The reaction was stopped after 1.5 h and diluted with THF, and the copper 
DPPA/DBU
21
23
CuAAC
22+ 23 24
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salts were removed by passage through an activated basic alumina column. The solvent was removed 
by rotary evaporator and the polymer was dried in vacuo for 24 h at 25 °C to obtain a glassy solid 
(0.014 g, 3.0×10-7 mol, yield = 35%). SEC (Mn = 30150, PDI = 1.15; Figure A4.18C), Triple 
Detection SEC (Mn = 46500, PDI = 1.01) (Table 4.4) and 
1H NMR (Figure A4.18B). 
 
4.2.3 Analytical Methodologies 
 
Size Exclusion Chromatography (SEC).  
The molecular weight distributions of the polymers were determined using a Waters 2695 
separation module, fitted with a Waters 410 refractive index detector maintained at 35 °C, a Waters 
996 photodiode array detector, and two Ultrastyragel linear columns (7.8 × 300 mm) arranged in 
series. These columns were maintained at 40 °C for all analyses and were capable of separating 
polymers in the molecular weight range from 500 to 4 million g mol−1 with high resolution. HPLC 
grade THF was used as the eluent and all samples were eluted at a flow rate of 1.0 mL min−1. 
Calibration was performed using narrow molecular weight polystyrene (PSTY) standards (PDIRI ≤ 
1.1) ranging from 500 to 2 million g mol−1. Data acquisition was performed using Empower software, 
and molecular weights were calculated relative to polystyrene standards. 
 
Absolute Molecular Weight Determination by Triple Detection SEC.  
Absolute molecular weights of polymers were determined using a Polymer Laboratories 
GPC50 Plus equipped with a dual angle laser light scattering detector, a viscometer, and a differential 
refractive index detector. HPLC grade N,N-dimethylacetamide (DMAc, containing 0.03 wt% LiCl) 
was used as the eluent at a flow rate of 1.0 mL min−1. Separations were achieved using two PLGel 
Mixed B (7.8 × 300 mm) SEC columns connected in series and held at a constant temperature of 50 
°C. The triple detection system was calibrated using a 2 mg mL−1 PSTY standard (Polymer 
Laboratories: Mw = 110 K, dn/dc = 0.16 mL g−1and IV = 0.5809). Samples of known concentration 
were freshly prepared in DMAc + 0.03 wt% LiCl and passed through a 0.45 μm PTFE syringe filter 
prior to injection. The absolute molecular weights and dn/dc values were determined using Polymer 
Laboratories Multi Cirrus software based on the quantitative mass recovery technique. 
 
Preparative Size Exclusion Chromatography (Prep SEC).  
Crude polymers were fractionated (i.e., purified) using a Varian Pro-Star preparative SEC 
system equipped with a manual injector, differential refractive index detector, and single wavelength 
ultraviolet visible detector. The flow rate was maintained at 10 mL min−1 and HPLC grade 
tetrahydrofuran was used as the eluent. Separations were achieved using a PL Gel 10 μm 10 × 103 Å, 
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300 × 25 mm preparative SEC column at 25 °C. The dried crude polymer was dissolved in THF at 
100 mg mL−1 and filtered through a 0.45 μm PTFE syringe filter prior to injection. Fractions were 
collected manually, and the composition of each was determined using the Polymer Laboratories 
GPC50 Plus equipped with triple detection as described above. 
 
Nuclear Magnetic Resonance (NMR).  
All NMR spectra were recorded on a Bruker AV3400 MHz spectrometer using an external 
lock (CDCl3) and referenced to the residual nondeuterated solvent (CHCl3). A DOSY experiment was 
performed for polymer samples to suppress solvent peaks that could interfere with the integration. 
The spectra were recorded with the pulse gradient increasing from 2 to 85% of the maximum gradient 
strength and the d (p30) from 1 to 2 ms, with 64–128 scans. 
 
Matrix-Assisted Laser Desorption Ionization-Time-of-Flight (MALDI−ToF) Mass Spectrometry.  
MALDI−ToF MS spectra were obtained using a Bruker MALDI−ToF autoflex III smart beam 
equipped with a nitrogen laser (337 nm, 200 Hz maximum firing rate) with a mass range of 600−400 
000 Da. Spectra were recorded in either reflectron mode (500−5000 Da) or linear mode (5000−20000 
Da) as specified. Trans-2-[3-(4-tert-Butylphenyl)-2-methylpropenylidene]-malononitrile (DCTB; 20 
mg/mL in THF) was used as the matrix and Ag(CF3COO) or Na(CF3COO) (1 mg/mL in THF) as the 
cation source of all the samples. A 20 μL polymer solution (1 mg/mL in THF), 20 μL DCTB solutions, 
and a 2 μL Ag(CF3COO) or 2 μL Na(CF3COO) solution were mixed in an Eppendrof tube, vortexed, 
and centrifuged. A 1 μL sample of solution was placed on the target plate spot, the solvent was 
evaporated at ambient condition, and the measurement was run. 
 
Log-normal distribution (LND) model. 
The LND model has been used in our group to fit to the SEC weight-average distributions27, 
30. We have recently showed how the LND simulation can be used to fit SEC traces for block 
copolymers with different dn/dc values31. This method was used to fit the SEC traces in this work 
using the following dn/dc values in THF at 35 oC: PSTY = 0.185 ml/g, PtBA = 0.049 ml/g and PEG 
= 0.078 ml/g. The dn/dc values were calculated from equations 1, and Xi was determined from 
1H 
NMR. 
𝑑𝑛/𝑑𝑐𝐵𝑙𝑜𝑐𝑘 = ∑ 𝑋𝑝,𝑖𝑑𝑛/𝑑𝑐𝑖  (1) 
and 
∑ 𝑋𝑝,𝑖 = 1    (2) 
Where Xp,i is the weight fraction of homopolymer i with dn/dci.  
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Mark-Houwink parameter 
The Mark-Houwink parameters for PSTY, PMA and PtBA in THF were used from literature 
values for low molecular weight polymers.  
 
Table 4.1: Mark-Houwink parameters used to determine Mn,RI. 
Polymer K (dL/g) a Ref 
PSTY 6.82 x 10-5 0.766 32-33 
PtBA 11.0 x 10-5 0.728 32 
PMA 8.35 x 10-5 0.768 32 
PEG 17.2 x 10-5 0.607 This work 
 
In the case of PEG, we determined the M-H parameters using the K and a values in the table for 
PSTY in THF using PEG standards (Table 4.2). The Mn,abs values were given by the supplier and the 
Mn,RI were determined by SEC using a PSTY calibration curve. 
 
Table 4.2: Determination of the Mark-Houwink parameters for PEG in THF. 
Mn,abs Mn,RI 
428 410 
2000 2330 
5000 7160 
10000 15030 
20000 30840 
35000 47980 
 
4.4 Results and discussion 
IEG is an alternative method to produce high molecular weight polymers from a repeating 
sequence in fewer steps through molecular doubling. To build the 3-macromer sequence for the IEG 
process, we first used the ISG method to grow a chain of three low molecular weight macromers of 
polystyrene (PSTY, S; 3800 for IEG), poly(t-butyl acrylate) (PtBA, B; Mn= 5690) and poly(ethylene 
glycol) (PEG, E; Mn = 2490). These polymers were made by ATRP or SET-LRP with narrow PDI 
values (see Table 4.3) and their halide end-group was azidated. The terminal hydroxyl group of the 
commercial PEG-OH was azidated to produce PEG-N3 14. These azide functional polymers were 
then coupled to their respective linkers 2 and 5 to produce a toolbox of macromers 9, 12 and 15 (see 
scheme 4.4).  
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Table 4.3: Molecular Weight Data (RI and Triple Detection) for all building blocks for Iterative 
Exponential Growth (IEG) synthetic approach. 
aThe molecular weight distribution from SEC (RI detector) was based on a PSTY calibration curve. bThe molecular weight 
distribution determined from DMAc Triple Detection SEC with 0.03 wt % of LiCl as eluent. cPDI values from triple 
detection underestimate the true PDI values since light scattering is less sensitive to the low molecular weight part of the 
distribution.  
 
 
 
Scheme 4.4: Synthesis of Sequence Defined Polymer by Iterative Exponential Growth (IEG) 
approach, Conditions: (i) CuAAC ‘click’ reaction: CuBr, PMDETA in toluene at 25 °C, (ii) 
Azidation: DPPA/DBU in DMF at 50 °C (dark), Deprotection, TBAF in THF at 25 °C. 
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(i) CuAAC
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tBAPEG PSTY P
tBAPEG PSTY P
tBAPEG
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tBA
Deprotection
9 15 17
18
20 19
24
12
Sequence defined polymer
9, PSTY 12, PtBA 15, PEG
E BS ES ES
BES
BES BES BES BES
B ES
BES
Polymer Polymer Block 
SEC (RI)a Mn SEC (TD)b 
dn/dc Repeating units by NMR 
Mn Đ (NMR) Mn Đc 
6 PSTY-Br  3170 1.075 3430 3480 1.01  31 
7 PSTY-N3 3130 1.07 3420 3490 1.01  31 
8 PSTY-(OH)-TIPS 3650 1.06 3740 3780 1.01  31 
9 PSTY-(N3)-TIPS 3720 1.05 3760 3800 1.01  31 
10 PtBA-Br 4900 1.14 5320 5380 1.01 0.049 40 
11 PtBA-N3 4960 1.14 5320 5360 1.01  40 
12 PtBA-(OH)-≡ 5420 1.12 5540 5690 1.01  40 
13 PEG-OTS       47 
14 PEG-N3 2600 1.04 2200 2190 1.01 0.078 47 
15 PEG-(OH)-≡ 2610 1.04 2330 2490 1.01  47 
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Table 4.4: Characterization of polymers synthesized via Iterative Exponential Growth (IEG). 
aThe molecular weight distribution from SEC (RI detector) was based on a PSTY calibration curve. b The yield is calculated from the isolated pure solid product after prep SEC. cThe 
molecular weight distribution determined from DMAc Triple Detection SEC with 0.03 wt % of LiCl as eluent. dPDI values from triple detection underestimate the true PDI values 
since light scattering is less sensitive to the low molecular weight part of the distribution. eHydrodynamic volume change (Mn,RI/Mn,TD).  
 
 
 
 
Polymer 
Block 
# 
Polymer  
Sequence 
SEC (RI)a 
[P-N3 : P-
≡] 
Purity  Coupling  
Efficiency 
(%) 
Yieldb Mn Mn SEC (TD)
c 
Mn,RI/Mn,TD
e 
Rh (nm) dn/dc 
Mn Đ 
LND% (%) 
(NMR) (Theory) Mn Đd 
SEC 
(THF) 
(NMR) 
16_crude 2 S-E-(OH)≡-TIPS 6130 1.10 1:1 89 91  6250 6240      
17_crude  S-E-(N3)≡-TIPS 5940 1.10  92          
17_prep  S-E-(N3)≡-TIPS 6670 1.03  99  79 6280 6270 6282 1.01 1.06 1.92 0.142 
18_crude 3 S-E-B-(OH)≡-TIPS 10350 1.14 1:1 82 83  11800 11770      
19_crude  S-E-B-(OH)≡ 11270 1.10  90          
19_prep  S-E-B-(OH)≡ 11360 1.05  95  52 11640 11610 11760 1.01 0.97 2.60 0.097 
20_crude  S-E-B-(N3)≡-TIPS 11740 1.09  90          
20_prep  S-E-B-(N3)≡-TIPS 12230 1.06  99  55 11800 11790      
21_crude 6 (S-E-B)2-(OH)≡-TIPS 19030 1.16 1:1 82 82  23500 23230      
22_crude  (S-E-B)2-(OH)≡ 19660 1.14  92          
22_prep  (S-E-B)2-(OH)≡ 21290 1.06  96  42 23380 23210 23540 1.01 0.90 3.71 0.097 
23_crude  (S-E-B)2-(N3)≡-TIPS 21110 1.12  93          
23_prep  (S-E-B)2-(N3)≡-TIPS 21170 1.09  97  47 23580 23280      
24_crude 12 (S-E-B)4-(OH)≡-TIPS 26130 1.25 1:1 68 69         
24_prep   30140 1.15  88  35 46960 46390 46500 1.01 0.65 4.52 0.097 
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Starting with polymer 9 we first made the sequence SEB (Scheme 4.4) by ISG approach. This 
sequence was then split into two parts: in the first part deprotection resulted in the alkyne moiety, and 
in the second part the alcohol was directly activated to the azide using the DPPA/DBU reaction. After 
two cycles, a 12-block sequence-defined polymer was made. The key building compound is 
linker 5 (Scheme 4.1), the free alkyne on linker 5 was coupled to PSTY-N3 7 to form 8, which was 
azidated using DPPA/DBU reaction to produce 9 (Scheme 4.2). Polymer 9 after purification by 
preparative SEC was coupled to 15 with a coupling efficiency of 91% (Figure 4.1) and after azidation 
and purification by preparative SEC gave 17 with >99% purity (Table 4.4). The size exclusion 
chromatograms (SEC) using refractive index (RI) detection with PSTY calibration curve showed a 
shift toward a higher molecular weight (Figure A4.15).  
As described in chapter 3, analysis of the CuAAC coupling efficiency required simulation of 
the refractive index SEC using the Log-normal distribution (LND) model with known dn/dc values 
for the macromers and sequential product30-31. The dn/dc values for the homopolymers were taken 
from the literature34-35 and those for the block copolymers determined by a weighted average of the 
homopolymers31. The SEC traces were simulated by the LND method to obtain the true weight 
fractions of each polymer species in the reaction and their coupling efficencies31. 
 
 
Figure 4.1. CuAAC coupling efficiency for IEG approach. 
 
 
Coupling 12 to 17 produced SEB-(OH)-≡-TIPS (18), the starting building block for the IEG 
process. A portion of 18 was then reacted with TBAF to form the free alkyne on 19, and the other 
portion activated with the DPPA/DBU reaction to form 20. The purity of 19 and 20 after preparative 
SEC increased from 90% to 95% and 99%, respectively. There was no evidence for alkyne–alkyne 
coupling of 19 as shown from the SEC (see Figure A4.16). Polymers 19 and 20 were then coupled 
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using the CuAAC to form a 6-macromer block (i.e., (SEB)2) (21), Similarly, polymer 21 was split 
into two portions and one portion was treated with TBAF to produce 22 with a terminal free alkyne 
and the other portion was azidated to give 23 with a terminal azide group. Finally, CuAAC coupling 
of 22 and 23 produced a 12-macromer block 24 (i.e., (SEB)4). Coupling efficiency decreased with 
the number of cycles (Figure 4.1) and a coupling efficiency of 69% was observed for the final 12-
block sequence. This showed that the addition (CuAAC click) and activation (DPPA/DBU azidation 
and TBAF mediated TIPS-deprotection) chemistry used in IEG strategy was highly efficient in 
overcoming the large steric hindrance arising from the coupling of two large macromer sequences in 
each cycle. The increase in absolute Mn determined by 1H NMR and triple detection was in close 
agreement with theory (Figure 4.2). The yields for the IEG process given in Table 4.4 decreased from 
79% to 35% after two cycles. The reason for the lowering in the yield with increasing blocks was due 
to the small differences between the starting and product MWDs during preparative SEC. Our 
synthetic strategy produces sequence-defined polymers via the ISG process and provides excellent 
control of the polymer sequence through the IEG process. 
 
Figure 4.2. Absolute Mn determined by NMR, triple detection SEC and theory for IEG; all Mn data 
points were nearly the same with theory Mn represented as dashed lines. 
 
As the molecular weight increases a good resolution is observed between the molecular weight 
distributions (MWDs) until 6-blocks (Figure 4.3). As the sequence increases to 12-blocks the 
difference between the MWD of the 6-block and 12-block reduced slightly due to the conformational 
change to a star-like polymer topology. The PDIs for all blocks after purification by preparative SEC 
were narrow and below 1.11. This further supported the efficiency of activation (DPPA/DBU 
azidation and TIPS-deprotection) and addition (CuAAC coupling) processes used in this strategy, for 
producing a final 12-block sequence with an Mn of up to 50000, after 4 separate “click” reactions. 
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Figure 4.3. Molecular weight distributions from SEC (RI) after purification by preparative SEC (by 
IEG process). See Table 4.4 for Mn and Đ values. 
 
Molecular brushes are nonlinear architectures containing polymeric side chains (macromers) 
distributed along a backbone. Bottle brush architectures synthesized by Ring-opening metathesis 
polymerization (ROMP) of macromers are reported acquire spherical and cylindrical conformations 
due to the strong repulsing between the closely tethered macromers36. The coil conformation in 
solution remain near spherical until a degree of polymerization (DP) of approximately 120, beyond 
which the coil acquires a cylindrical conformation due to the increasing steric-hindrance between 
densely grafted macromers37.  Since our system exhibits a DP(maximum) of 12, the final 12-block 
sequence defined polymer will preferentially acquire a spherical conformation in a good solvent like 
THF. Furthermore, the coil conformation of these sequences can be manipulated by increasing the 
block number and by changing the macromer composition.  
As described in chapter 3, there is a difference between the Mn,RI (determined from a PSTY 
calibration curve in THF) and both theory and Mn,abs (determined from triple detection SEC), in which 
the deviation increased with block number (Table 4.4). This resulted from the different hydrodynamic 
volumes of each macromer when forming denser miktoarm star-like structures in THF 
(see Scheme 4.1). Using the Mark–Houwink (M-H) constants for the macromers (see Table 4.1), the 
expected Mn,RI could be determined by calculating the hydrodynamic volume (Vh)
38. A comparison 
between Mn,theory (i.e., true Mn, curve a in Figure 4.4), Mn,M-H (Figure 4.4, curve b), and Mn,abs (Figure 
4.4, curve c) showed that Mn,RI in theory would be very close to absolute molecular weight for the 
IEG process and independent of the macromer sequence. Comparing the Mn,RI obtained from SEC for 
the IEG, there was good agreement up to block 6, after which the Mn deviated toward a lower 
molecular weight (Figure 4.4, curve d).  
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Figure 4.4. Number-average molecular weight (Mn) vs Mn,theory: curve a, Mn,theory; curve b, 
Mn,M-H; curve c, Mn,abs(TD-SEC); curve d, Mn,RI (based on PSTY calibration curve) for IEG 
process. 
 
Coupling macromers within close proximity decreases the polymer coil size as the resulting 
sequence acquires a miktoarm structure. This leads to change in hydrodynamic coil radius, which can 
be calculated based on the equivalent hydrodynamic radius of PSTY standards38-39. The ratio 
of Rh,RI/Rh,M-H gives the normalized change in the coil radius with block length and sequence 
(Figure 4.5). In the case of the making the starting 3-block polymer for the IEG process (Scheme 4.1), 
the addition of E to S (i.e., SE) resulted in an increase in the ratio to 1.1 (Figure 4.5), a similar increase 
was found when E was added to the sequence above. Further addition of B to form SEB decreased 
the ratio to approximately 1.02. Regardless of the sequence, i.e., either BSE or SEB, the final ratios 
for the 3-blocks were similar as both polymers would form the same 3-arm star polymer. SEB was 
then added to itself via the IEG to make the 6- and 12-block polymers. The ratio decreased linearly 
with each IEG reaction, the data demonstrated that the dimension of both the starting coil and the 
subsequent macromer dictated the coil dimension. As for the first three blocks (ISG approach), the 
addition of E increased the ratio while the other two macromers decreased the ratio. For the following 
6- and 12-blocks, the ratio decreases linearly as the same macromer sequence is added to itself by 
IEG process.  
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Figure 4.5. Ratio of Rh(M-H)/ Rh(RI) vs block number, for  IEG process. 
 
4.5 Conclusion 
In conclusion, we have described the development of a strategy IEG to prepare sequence-defined 
polymers with absolute control over chain length with fewer synthetic steps. Sequences were grown 
using CuAAC “click” reaction in the addition step. The DPPA/DBU method for near quantitative 
azidation of the benzyl alcohol to azide and deprotection of the protected alkyne group using TBAF 
were used as the activations reaction. A template sequence of three compositionally different 
macromers were coupled using IEG to form miktoarm stars-like structure containing 12-sequentially 
tethered macromers. The sequence defined polymer with 50000 molecular weight exhibited low 
dispersity. We postulate that our strategy could be used to build sequence-controlled polymers from 
small molecule building blocks and for reactions where halides or other groups may be unstable. We 
have demonstrated that sequence control of polymers does provide a more advanced way to drive 
toward a predictable structure–function relationship. The versatility of our synthetic platform lies in 
its ability to adopt to ISG and IEG processes. Furthermore, this synthetic strategy provides a simple 
understating of how molecular-level details could influence on a broad range of polymer properties. 
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Chapter 5 
 
Synthesis of Thermoresponsive Water-Soluble Dendrons 
 
Here, we report the synthesis of water-soluble, thermoresponsive polymeric dendrons. The 
capacity of SET-LRP/NaBH4 to polymerize NIPAM with a narrow molecular weight distribution and 
quantitative chain-end functionality opens an avenue to construct water-soluble architectures. Using 
the CuAAC ‘click’ reaction and DPPA/DBU azidation method, two- and three-generational PNIPAM 
dendrons with terminal trithiocarbonate groups were synthesized via a convergent growth approach. 
Due to the strong binding affinity of trithioester groups towards gold, two dendronized-AuNPs were 
constructed, to further understand the effect of dendritic architectures at interfaces. 
 
 
 
5.1 Introduction 
 Stimuliresponsive or “smart” polymers are a class of macromolecules that respond to a range 
of stimuli including pH, temperature and mechanical force. Among these polymers thermoresponsive 
polymers are the most widely used due to their unique property to feature a lower critical solution 
temperature (LCST).1 Poly(N-isopropylacrylamide) (PNIPAM) is the most studied thermoresponsive 
polymer. PNIPAM exhibits an LCST-type phase behaviour in water from 30 to 45 °C. Below the 
LCST, the polymer is soluble and the polymer chains adapt a random coil conformation. Above the 
LCST, the polymer chains are dehydrated and acquire globular conformation.2 
Since their inception, dendritic architectures have undergone remarkable developments in 
synthetic strategies towards creating advanced functional materials for targeted applications. Owing 
to their highly branched globular shape and well-defined size, dendrimers serve as a unique class of 
tuneable macromolecules.3-5 Traditionally, thermoresponsive dendrimers are produced by directly 
introducing thermoresponsive polymers (PNIPAM) at the core or as a peripheral layer. In certain 
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cases, small molecules are conjugated as a peripheral layer in dendrimers to enhance their 
thermoresponsive property.6-10 Previous reports of PNIPAM dendrimers produced by a combination 
of ATRP and CuAAC contain peripheral halide end-groups in the resulting dendrimers, which are 
post-functionalized to azide for further growth.11 Alcohol end-groups represent an alternative to 
halide end groups, as they are more stable to hydrolysis and unreactive to copper species in CuAAC 
reaction. Alcohols could be directly converted to azide by diphenyl phosphorazidate (DPPA) and 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) method (i.e., DPPA/DBU method).12 The DPPA/DBU 
method is operationally simple resulting in excellent yields and if required provides high 
enantioselectivity. 
Copper-catalyzed polymerization methods are the most widely used tools for synthesizing 
complex polymer architectures. This versatility stems from their ability to create well-defined 
polymeric building blocks with quantitative halide chain-end functionality, which could be readily 
converted to azide groups for use in CuAAC ‘click’ reactions.3, 13-15 The SET-LRP process involves 
in situ disproportionation of Cu(I) to Cu(0) and Cu(II) which leads to the build-up of deactivator 
during Cu(II) polymerization via a self-regulated system.16-18 Recent developments show rapid and 
quantitative disproportionation of Cu(I)Br/Me6TREN in water to generate Cu(0) and 
Cu(II)Br2/Me6TREN species in equal amounts. By introducing an aqueous solution containing 
monomer and initiator, the polymerization yields well-defined polymers with excellent control of the 
MWD.19-21 The operational complexity with using Cu(I) lies in its tendency to oxidize to Cu(II) in 
the presence of air, requiring careful elimination of oxygen prior to and during disproportionation of 
the pre-mixture.22 
Our group has introduced the (SET-LRP/NaBH4)
22-23 method, wherein pre-defined 
stoichiometric ratios of Cu(0) to Cu(II) are generated in water and alcohol-water mixtures through 
quantitative in situ reduction of Cu(II) to Cu(0) by utilizing a strong reducing agent, NaBH4, in water. 
As no traces of Cu(I) were observed after reduction with water, this process was found to be activated 
via Cu(0) and the capacity to regulate the ratio of Cu(0):Cu(II).22-24 The challenge inherent with 
polymers made in water is the loss of halide chain-end functionality to the corresponding alcohol 
groups by hydrolysis, during polymerization, after purification or by storage in water.25-26 Copper 
species further facilitate the removal of halide end-groups by homolytic cleavage.19 To overcome the 
gradual loss of halide end-groups, in situ azidation is carried out immediately after the completion of 
polymerization to produce polymer building blocks with quantitative azide chain-end functionality.24 
With an increasing demand for hydrophilic and biocompatible polymers in a wide range of 
applications. It is essential to develop a synthetic strategy to produce well-defined water-soluble, 
thermoresponsive “smart” functional materials.19 Herein, we introduce a synthetic strategy to produce 
precisely defined water-soluble, thermoresponsive dendrons via convergent growth approach. The 
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SET-LRP/NaBH4 method was used to grow two N-isopropylacrylamide chains PNIPAM-N3 8 and 
HO-PNIPAM-N3 9, the later was coupled to propargyl ether to give HO-PNIPAM-≡ 10. The RAFT 
process was used to grow two N,N-dimethylacrylamide chains ≡-PDMA-RAFT 6 and (≡)2-PDMA-
RAFT 7. Two polymer chains of 8 were coupled to a dialkyne linker 5 by CuAAC to produce a 
wedge. The –OH group on the resulting wedge was directly azidated using the DPPA/DBU method 
in one-step to give 12. Subsequent coupling of 12 to polymer 10 followed by azidation produced a 
three-arm azide functional dendron 14 (Scheme 5.1). CuAAC coupling of the azide functional 
PNIPAM dendron to the PDMA chains 6 and 7 in two separate reactions yielded two- 15 and three-
generational 16 dendrons with terminal trithiocarbonate groups. Gold nanocomposites were produced 
by grafting these dendrons onto gold nanoparticles via thiol-gold interaction.27 
 
5.2.1 Aim of the Chapter 
The aim of this work was to develop a synthetic strategy for producing well-defined water-
soluble, thermoresponsive polymeric dendrons. A toolbox of PNIPAM and PDMA building blocks 
was synthesized by SET-LRP and RAFT, respectively. These blocks were sequentially appended by 
convergent growth method to form two- and three- generational thermoresponsive dendrons with 
precisely controlled architectures. Highly efficient addition-activation reaction cycles of CuAAC 
(addition) and DPPA/DBU (activation) reactions were used. 
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Scheme 5.1: Synthesis of Precisely Defined Thermoresponsive Dendrons and Dendronized-AuNPs via 
Convergent Growth Method, Conditions: (i) CuAAC ‘click’ reaction: CuBr, PMDETA in toluene at 
25 °C, (ii) Azidation: DPPA/DBU in DMF at 50 °C (dark). 
 
5.2 Experimental 
 
5.2.1 Materials 
N,N-dimethylacrylamide (DMA, Aldrich, >99%) was deinhibited before use by passing 
through a basic alumina column. N-isopropylacrylamide (NIPAM, Aldrich, 97 %) was recrystallized 
from n-hexane/toluene (9/1, v/v), and azobisisobutyronitrile (AIBN, Riedel-de Haen) was 
recrystallized from methanol twice prior to use.  
8
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The following reagents were used as received: alumina, activated basic (Aldrich: Brockmann 
I, standard grade, ~ 150 mesh, 58 Å), magnesium sulfate, anhydrous (MgSO4: Scharlau, extra pure), 
potassium carbonate (K2CO3: AnalaR, 99.9 %), silica gel 60 (230–400 mesh ATM (SDS)), 
tripotassium phosphate (Aldrich, ≥98%), sodium hydrogen carbonate (Aldrich, 99.5 %), hydrochloric 
acid (36 %, Ajax, AR), carbon disulfide (Aldrich, >99.9%), 2-bromo-2-methylpropionic acid 
(Aldrich, 98%), N,N′-dicyclohexylcarbodiimide (DCC, Aldrich, 99%), 4-(dimethylamino)pyridine 
(DMAP, Merck, 99%), propargyl alcohol (Aldrich, 99%), propargyl bromide solution (80 wt % in 
xylene, Aldrich), sodium chloride (NaCl: Univar, 99.9%), sodium azide (NaN3: Aldrich, ≥ 99.5 %), 
TLC plates (silica gel 60 F254), silica gel 60 (230−400 mesh ATM (SDS)), lithium aluminum hydride 
(LiAlH4, Aldrich, 98%), diphenylphosphoryl azide (DPPA, Aldrich, 97%), 1,8-
diazabicylco[5.4.0]undec-7-ene (DBU, Aldrich, 98%), 18-crown-6 ether (18-C-6, Aldrich, 99%), 
Methyl 3,5-dihydroxybenzoate, Hydrogen tetrachloroaurate (III) hydrate (HAuCl4·3H2O; Aldrich, 
99.9%), sodium borohydrate (NaBH4; Aldrich, 98%) and trisodium citrate dehydrate (Na3Ct; Aldrich, 
99%). The following solvents were used as received: acetone (ChemSupply, AR), chloroform 
(CHCl3: Univar, AR grade), dichloromethane (DCM: Labscan, AR grade), diethyl ether (Univar, AR 
grade), dimethyl sulfoxide (DMSO: Labscan, AR grade), N,N-dimethylformamide (DMF: Labscan, 
AR grade), ethanol (EtOH: ChemSupply, AR), ethyl acetate (EtOAc: Univar, AR grade), hexane 
(Wacol, technical grade, distilled), hydrochloric acid (HCl, Univar, 32 %), anhydrous methanol 
(MeOH: Lichrosolv, 99.9 %, HPLC grade), Milli-Q water (Biolab, 18.2 MΩm), tetrahydrofuran 
(THF: Labscan, HPLC grade), toluene (HPLC, Labscan, 99.8%). N,N-dimethylacetamide (DMAc: 
Aldrich, HPLC grade) and petroleum spirit (BR 40−60 °C, Univar, AR grade). 
The following initiators, ligands and metals for the various polymerizations were used as 
received unless otherwise stated. ethyl-2-bromoisobutyrate (EBiB, Aldrich, 98 %), N,N,N’,N’,N’’-
pentamethyldiethylenetri-amine (PMDETA: Aldrich, 99 %), tris(2-(dimethylamino)-ethyl)amine 
(Me6TREN), copper wire (0.2 mm diameter), copper(II) bromide (Cu(II)Br2: Aldrich, 99%), 
copper(I)bromide and tris(2-(dimethylamino)-ethyl)amine (Me6TREN) were synthesized in our 
group.  
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5.2.2 Synthetic Procedures 
 
5.2.2.1 Synthesis of benzyl alcohol initiator (1) and alkyne functional RAFT agent (≡-RAFT, 
R3-SC(=S)SC4H9) (2) 
Benzyl alcohol initiator 1 (Scheme 5.2 and Figure A5.1) and alkyne functional RAFT agent 
(≡-RAFT, R3-SC(=S)SC4H9) 2 (Scheme 5.3 and Figure A5.2) were synthesized according to the 
literature procedures reported by our group.28-29 
 
 
Scheme 5.2: Synthesis of benzyl alcohol initiator (1): Reactants and conditions: (i) THF, 2-
bromoisobutyryl bromide, 0 °C−RT, 16 h. 
 
 
 
Scheme 5.3: Synthesis of alkyne functional RAFT agent (≡-RAFT, R3-SC(=S)SC4H9) (2): Reactants 
and conditions: (i) Acid-RAFT, DCC, DMAP, DCM, 0 °C−RT, 24 h. 
 
5.2.2.2 Synthesis of methyl 3,5-bis (propargyloxy) benzoate (3) 
Methyl 3,5-dihydroxybenzoate (3.20 g, 1.9×10-2 mol), propargyl bromide (2.26 g, 4.1×10-2 
mol) and 18-crown-6 (1.10 g, 4.1×10-3 mol) were dissolved in 200 mL of acetone. Anhydrous 
potassium carbonate (5.78 g, 4.1×10-2 mol) was added and the reaction was refluxed at 80 °C for 48 
h. The reaction was then cooled to room temperature, filtered, and the filtrate was concentrated by 
rotary evaporation. The resulting solid was recrystallized from methanol to give pure 3,5-bis 
(propargyloxy) benzoate (60%, 2.75 g, 1.1×10-2 mol) (Scheme 5.4 and Figure A5.3) as white crystals.  
 
5.2.2.3 Synthesis of methyl 3,5-bis (propargyloxy) benzyl alcohol (4) 
3,5-bis (propargyloxy) benzoate (2.50 g, 1.0×10-2 mol) 3 was dissolved 200 mL of dry THF 
at 0 °C under argon and LiAlH4 (0.46 g, 1.2×10
-2 mol) was added portion-wise over a period of 30 
min. The mixture was kept in ice bath and stirred for 1 hr and then at room temperature for another 
16 h. The reaction was quenched by slowly adding crushed Na2SO4.10H2O, and the mixture was 
filtered and dried with anhydrous MgSO4. After removing the solvent by rotary evaporation, the crude 
product was crystallized from hexane to give (2.12 g, 9.8×10-3 mol) (Scheme 5.4 and Figure A5.4) as 
white crystals.  
 
(i)
1
(i)
2
+
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5.2.2.4 Synthesis of dialkyne functional RAFT agent ((≡)2-RAFT, R3-SC(=S)SC4H9) (5) 
Acid-RAFT (1.5 g, 5.9×10-3 mol), methyl 3,5-bis (propargyloxy) benzyl alcohol 4 (1.92 g, 
8.9×10-3 mol), DCC (1.84 g, 8.9×10-3 mol) and DMAP (0.10 g, 8.9×10-4 mol) were dissolved in 300 
mL of DCM. The solution was cooled to 0 °C in an ice bath. The reaction mixture was heated to room 
temperature and stirred for 24 h. DCM was removed by rotary evaporation. The residue was 
redispersed in diethyl ether and filtered. The filtrate was washed with sodium hydrogen carbonate 
solution (2 x 30 mL), water (1 x 30 mL). The organic phase was dried over anhydrous MgSO4. The 
solvent was removed by rotary evaporation and the residual yellow oil was purified by silica column 
chromatography (20/3 n-hexane/ethyl acetate, Rf = 0.54), to give (65%, 1.74 g, 3.8×10-3 mol) 
(Scheme 5.4 and Figure A5.5) as yellow oil. 
 
 
Scheme 5.4: Synthesis of dialkyne functional RAFT agent ((≡)2-RAFT, R3-SC(=S)SC4H9) (5): 
Reactants and conditions: (i) Acetone, K2CO3, RT, 48 h; (ii) LiAlH4, THF, 0 °C-RT, 16 h; 
 (i) DCC, DMAP, DCM, 0 °C−RT, 24 h. 
 
5.2.2.5 Synthesis of ≡-PDMA49-S(C=S)SC4H9 (6) by RAFT  
DMA (2.2 g, 2.2×10-2 mol), 2 (0.1 g, 3.4×10-4 mol) and AIBN (5.6 × 10-3 g, 3.4×10-5 mol) 
were dissolved in 4 mL DMSO in dry Schlenk flask equipped with a magnetic stirrer bar. The mixture 
was deoxygenated by purging with argon for 60 min and then heated to 60 °C and polymerized for 2 
h. The reaction was stopped by cooling to 0 °C in an ice bath and exposed to the air. The solution was 
then diluted with chloroform and washed with water (×3 times). The chloroform was then dried over 
anhydrous MgSO4, filtered and reduced in volume by rotary evaporation. The polymer was recovered 
by precipitation into diethyl ether (×3 times) followed by drying in vacuo for 24 h at 25 °C to obtain 
a yellow solid. SEC (Mn = 1980, PDI = 1.12; Figure A5.6), Triple Detection SEC (Mn = 5174, PDI 
= 1.01) (Table 5.1), 1H NMR (Figure A5.7) and MALDI-ToF (Figure A5.8). 
 
5.2.2.6 Synthesis of (≡)2-PDMA48-S(C=S)SC4H9 (7) by RAFT  
DMA (2.1 g, 2.1×10-2 mol), 5 (0.15 g, 3.3×10-4 mol) and AIBN (5.4 × 10-3 g, 3.3×10-5 mol) 
were dissolved in 4 mL DMSO in dry Schlenk flask equipped with a magnetic stirrer bar. The mixture 
was deoxygenated by purging with argon for 60 min and then heated to 60 °C and polymerized for 2 
h. The reaction was stopped by cooling to 0 °C in an ice bath and exposed to the air. The solution was 
then diluted with chloroform and washed with water (×3 times). The chloroform was then dried over 
anhydrous MgSO4, filtered and reduced in volume by rotary evaporation. The polymer was recovered 
by precipitation into diethyl ether (×3 times) followed by drying in vacuo for 24 h at 25 °C to obtain 
(i) (ii)
3
(iii)
4 5
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a yellow solid. SEC (Mn = 1645, PDI = 1.08; Figure A5.9), Triple Detection SEC (Mn = 5257, PDI 
= 1.01) (Table 5.1), 1H NMR (Figure A5.10) and MALDI-ToF (Figure A5.11). 
 
5.2.2.7 Synthesis of PNIPAm30-N3 (8) by SET-LRP 
To a 20 mL Schlenk tube equipped with magnetic stirrer Cu(II)Br2 (6.8×10
-2 g, 3.0 × 
10−4 mol) and NaBH4 (5.8×10
-3 g, 1.5 × 10−4 mol) were added. Sodium borohydride was measured 
on the balance with 0.001 mg error. The flask was sealed with rubber septum and purged with argon 
for 30 min. To a 7 mL glass vial Me6TREN (7.0×10
-2 g, 3.0 × 10−4 mol) and mili-Q water (2.5 mL) 
were added; the vial was sealed and the solution was bubbled with argon for 30 min. The solution 
was then cannula transferred to the Schlenk tube, the tube was placed in an ice-bath and reduction of 
CuII was carried out for 30 min. At the same time NIPAM (1.2 g, 1.0 × 10−2 mol) and the initiator 
ethyl 2-bromobutyrate (6.0×10−2 g, 3.0 × 10−4 mol) were dissolved in propanol (2.5 mL) in a 7 mL 
glass vial, sealed and bubbled with argon for 30 min at 0 °C. The solution was then cannula transferred 
to the Schlenk tube and the reaction was allowed to stir at 0 °C for 2 h. 20-fold excess of NaN3 (0.44 
g, 6.9 × 10−3 mol) was added to schlenk tube and the solution was allowed to stir overnight. The 
reaction mixture was then recovered by freeze dry directly, redissolved in THF followed by passage 
through activated basic alumina to remove copper salts. The solvent was removed by rotary 
evaporator and the polymer was recovered by precipitation into cold diethyl ether (×3 times) followed 
by drying in vacuo for 24 h at 25 °C to obtain a white solid. SEC (Mn = 2453, PDI = 1.13; Figure 
A5.12), Triple Detection SEC (Mn = 3597, PDI = 1.002) (Table 5.1),
1H NMR (Figure A5.13) and 
MALDI-ToF (Figure A5.14). 
 
5.2.2.8 Synthesis of HO-PNIPAM30-N3 (9) by SET-LRP 
To a 20 mL Schlenk tube equipped with magnetic stirrer Cu(II)Br2 (6.2×10
-2 g, 2.7 × 
10−4 mol) and NaBH4 (5.2×10
-3 g, 1.3 × 10−4 mol) were added. Sodium borohydride was measured 
on the balance with 0.001 mg error. The flask was sealed with rubber septum and purged with argon 
for 30 min. To a 7 mL glass vial Me6TREN (6.4×10
-2 g, 2.7 × 10−4 mol) and mili-Q water (2 mL) 
were added; the vial was sealed and the solution was bubbled with argon for 30 min. The solution 
was then cannula transferred to the Schlenk tube, the tube was placed in an ice-bath and reduction of 
CuII was carried out for 30 min. At the same time NIPAM (1.1 g, 9.7 × 10−3 mol) and the initiator 1 
(8.0×10-2 g, 2.7 × 10−4 mol) were dissolved in propanol (2 mL) in a 7 mL glass vial, sealed and 
bubbled with argon for 30 min at 0 °C. The solution was then cannula transferred to the Schlenk tube 
and the reaction was allowed to stir at 0 °C for 2 h. 20-fold excess of NaN3 (0.40 g, 6.2 × 10
−3 mol) 
was added to schlenk tube and the solution was allowed to stir overnight. The reaction mixture was 
then recovered by freeze dry directly, redissolved in THF followed by passage through activated basic 
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alumina to remove copper salts. The solvent was removed by rotary evaporator and the polymer was 
recovered by precipitation into cold diethyl ether (×3 times) followed by drying in vacuo for 24 h at 
25 °C to obtain a white solid. SEC (Mn = 2269, PDI = 1.12; Figure A5.15), Triple Detection SEC 
(Mn = 3656, PDI = 1.005) (Table 5.1), (Figure A5.16) and MALDI-ToF (Figure A5.17). 
 
5.2.2.9 Synthesis of HO-PNIPAM30-≡ (10) by CuAAC 
Polymer HO-PNIPAM30-N3 9 (0.45 g, 1.3×10
-4 mol), and propargyl ether (0.37 g, 3.9×10-3 mol) 
and PMDETA  (2.7×10-2 mL, 1.3×10-4 mol) were dissolved in 7 mL of dry DMF in a 20 mL vial. Cu(I)Br 
(1.8×10-2 g, 1.3×10-4 mol) was taken in a 20 mL schlenk flask equipped with magnetic stirrer wrapped 
with Cu wire (0.1 g, 1.5×10-3 mol). Both vessels were purged with argon for 30 min. The polymer 
solution was then transferred to the schlenk tube by applying argon pressure using double tip needle, 
and the schlenk tube was placed in a temperature controlled oil bath at 25 °C. The reaction was stopped 
after 1.5 h and diluted with THF, and the copper salts were removed by passage through an activated 
basic alumina column. The solvent was removed by rotary evaporator and the polymer was recovered 
by precipitation into diethyl ether (×3 times) followed by drying in vacuo for 24 h at 25 °C to obtain a 
white solid. SEC (Mn = 2491, PDI = 1.11; Figure A5.18), Triple Detection SEC (Mn = 3797, PDI = 
1.01) (Table 5.1) and 1H NMR (Figure A5.19).  
 
5.2.2.10 Synthesis of (PNIPAM30)2-OH (11) by CuAAC 
Polymer PNIPAM30-N3 10 (0.74 g, 2.0×10
-4 mol), and dialkyne linker 5 (0.02 g, 1.0×10-4 mol) 
and PMDETA  (4.1×10-2 mL, 2.0×10-4 mol) were dissolved in 7 mL of dry DMF in a 20 mL vial. Cu(I)Br 
(2.9×10-2 g, 2.0×10-4 mol) was taken in a 20 mL schlenk flask equipped with magnetic stirrer wrapped 
with Cu wire (0.25 g, 3.9×10-3 mol). Both vessels were purged with argon for 30 min. The polymer 
solution was then transferred to the schlenk tube by applying argon pressure using double tip needle, 
and the schlenk tube was placed in a temperature controlled oil bath at 25 °C. The reaction was stopped 
after 1.5 h and diluted with THF, and the copper salts were removed by passage through an activated 
basic alumina column. The solvent was removed by rotary evaporator and the polymer was recovered 
by precipitation into diethyl ether (×3 times) followed by drying in vacuo for 24 h at 25 °C to obtain a 
white solid. SEC (Mn = 4479, PDI = 1.23; Figure 5.1A, curve b) (Table 5.1), 1H NMR (Figure A5.20) 
and MALDI-ToF (Figure 5.2A). 
 
5.2.2.11 Synthesis of (PNIPAM30)2-N3 (12) by Azidation with DPPA/DBU 
Polymer (PNIPAM30)2-OH 11 (0.7 g, 9.5×10
-5 mol) was dissolved in 7 mL of DMF in a reaction 
vessel equipped with a magnetic stirrer. The vessel was wrapped in aluminium foil to avoid light and 
solution was purged with argon for 30 min. DPPA (4.1×10-1 mL, 1.9×10-3 mol) and DBU (3.1×10-1 mL, 
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2.0×10-3 mol) were added to the reaction mixture. The reaction mixture was further degassed for 5 min 
and then placed into a temperature controlled oil bath at 50 °C. The reaction was stopped after 24 h and 
the solvent was removed by rotary evaporator. The resulting mixture was taken in water and extracted 
with DCM (×3 times). The solvent was removed by rotary evaporation and the polymer was redissolved 
in THF and purified by preparative SEC to remove undesired low molecular weight polymers. The 
solvent was removed by rotary and the polymer was recovered by precipitation into diethyl ether 
followed by drying in vacuo for 24 h at 25 °C to obtain a white solid (0.52 g, 7.0×10-5 mol, yield = 74%). 
SEC (Mn = 5824, PDI = 1.07; Figure 5.1A, curve c), Triple Detection SEC (Mn = 7381, PDI = 1.01) 
(Table 5.1), 1H NMR (Figure A5.22) and MALDI-ToF (Figure 5.2B). 
 
5.2.2.12 Synthesis of (PNIPAM30)2-PNIPAM30-OH (13) by CuAAC 
Polymer HO-PNIPAM30-≡ 10 (0.27 g, 7.3×10-4 mol), (PNIPAM30)2-N3 12 (0.45 g, 6.0×10-5 mol) 
and PMDETA  (1.2×10-2 mL, 6.1×10-5 mol) were dissolved in 7 mL of dry DMF in a 20 mL vial. Cu(I)Br 
(8.7×10-3 g, 6.1×10-5 mol) was taken in a 20 mL schlenk flask equipped with magnetic stirrer wrapped 
with Cu wire (0.25 g, 3.9×10-3 mol). Both vessels were purged with argon for 30 min. The polymer 
solution was then transferred to the schlenk tube by applying argon pressure using double tip needle, 
and the schlenk tube was placed in a temperature controlled oil bath at 25 °C. The reaction was stopped 
after 1.5 h and diluted with THF, and the copper salts were removed by passage through an activated 
basic alumina column. The solvent was removed by rotary evaporator and the polymer was recovered 
by precipitation into diethyl ether (×3 times) followed by drying in vacuo for 24 h at 25 °C to obtain a 
white solid. SEC (Mn = 6230, PDI = 1.37; Figure 5.1B, curve c), 1H NMR (Figure A5.23) and MALDI-
ToF (Figure 5.2C). 
 
5.2.2.13 Synthesis of (PNIPAM30)2-PNIPAM30-N3 by (14) Azidation with DPPA/DBU 
Polymer (PNIPAM30)2-PNIPAM30-OH 13 (0.6 g, 5.2×10
-5 mol) was dissolved in 6 mL of DMF 
in a reaction vessel equipped with a magnetic stirrer. The vessel was wrapped in aluminium foil to avoid 
light and solution was purged with argon for 30 min. DPPA (2.2×10-1 mL, 1.0×10-3 mol) and DBU 
(1.7×10-1 mL, 1.1×10-3 mol) were added to the reaction mixture. The reaction mixture was further 
degassed for 5 min and then placed into a temperature controlled oil bath at 50 °C. The reaction was 
stopped after 24 h and the solvent was removed by rotary evaporator. The resulting mixture was taken 
in water and extracted with DCM (×3 times). The solvent was removed by rotary evaporation and the 
polymer was purified by preparative SEC to remove undesired low molecular weight polymers. The 
solvent was removed by rotary evaporator and the polymer was recovered by precipitation into diethyl 
ether followed by drying in vacuo for 24 h at 25 °C to obtain a white solid (0.52 g, 7.0×10-5 mol, yield 
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= 77%). SEC (Mn = 9063, PDI = 1.06; Figure 5.1B, curve d), Triple Detection SEC (Mn = 11251, PDI 
= 1.01) (Table 5.1), 1H NMR (Figure A5.25) and MALDI-ToF (Figure 5.2D). 
 
5.2.2.14 Synthesis of (PNIPAM30)3-PDMA49-S(C=S)SC4H9 (15) by CuAAC 
Polymer ≡-PDMA49-S(C=S)SC4H9 6 (3.8×10-2 g, 7.5×10-6 mol) and (PNIPAM30)2-
PNIPAM30-N3 14 (6.5×10
-2 g, 5.7×10-6 mol) and PMDETA  (1.1×10-3 mL, 5.7×10-6 mol) were 
dissolved in 1.5 mL of dry DMF in a 4 mL vial. Cu(I)Br (8.2×10-4 g, 5.7×10-6 mol) was taken in a 20 
mL schlenk flask equipped with magnetic stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol). Both 
vessels were purged with argon for 30 min. The polymer solution was then transferred to the schlenk 
tube by applying argon pressure using double tip needle, and the schlenk tube was placed in a 
temperature controlled oil bath at 25 °C. The reaction was stopped after 1.5 h and diluted with THF, 
and the copper salts were removed by passage through an activated basic alumina column. The 
solvent was removed by rotary evaporator and the polymer was recovered by precipitation into diethyl 
ether (×3 times) followed by drying in vacuo for 24 h at 25 °C to obtain a glassy solid (6.5×10-2 g, 
4.0×10-6 mol, yield = 70%). SEC (Mn = 13002, PDI = 1.08; Figure 5.3A, curve d), Triple Detection 
SEC (Mn = 16430, PDI = 1.01) (Table 5.1) and 
1H NMR (Figure A5.26). 
 
5.2.2.15 Synthesis of (PNIPAM30)3-PDMA49-S(C=S)SC4H9 (16) by CuAAC 
Polymer (≡)2-PDMA48-S(C=S)SC4H9 7 (1.5×10-2 g, 2.8×10-6 mol) and (PNIPAM30)2-
PNIPAM30-N3 14 (7.0×10
-2 g, 6.2×10-6 mol) and PMDETA  (1.1×10-3 mL, 5.7×10-6 mol) were 
dissolved in 1.5 mL of dry DMF in a 4 mL vial. Cu(I)Br (8.2×10-4 g, 5.7×10-6 mol) was taken in a 20 
mL schlenk flask equipped with magnetic stirrer wrapped with Cu wire (0.25 g, 3.9×10-3 mol). Both 
vessels were purged with argon for 30 min. The polymer solution was then transferred to the schlenk 
tube by applying argon pressure using double tip needle, and the schlenk tube was placed in a 
temperature controlled oil bath at 25 °C. The reaction was stopped after 1.5 h and diluted with THF, 
and the copper salts were removed by passage through an activated basic alumina column. The 
solvent was removed by rotary evaporator and the polymer was recovered by precipitation into diethyl 
ether (×3 times) followed by drying in vacuo for 24 h at 25 °C to obtain a glassy solid (5.3×10-2 g, 
1.9×10-6 mol, yield = 70%).  SEC (Mn = 20819, PDI = 1.09; Figure 5.3B, curve d), Triple Detection 
SEC (Mn = 27632, PDI = 1.01) (Table 5.1) and 
1H NMR (Figure A5.27). 
 
5.2.2.16 Synthesis of 20 nm Gold Nanoparticles (20 nm AuNPs) (17) 
Prior to AuNPs synthesis, all the glassware was first washed with aqua regia (HCl/HNO3, v/v, 3/1), 
then rinsed with MilliQ water several times and oven-dried overnight. 100 mL of MilliQ water and 1 
mL of 1% HAuCl4 solution were added into a 250 mL Erlenmeyer flask, and the solution was brought 
to boil on a hot plate with vigorous stirring. 5 mL of 1% sodium citrate solution was then added 
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rapidly, and the solution boiled for another 20 min while stirring. The colour of solution finally turned 
to a wine red. The AuNPs synthesized from this method give a size in the range of 17-19 nm as 
confirmed by both dynamic light scattering (DLS) and transmission electron microscopy (TEM) 
(Figure 5.4A). The solution mixture contained 5 mg of AuNP in 100 mL.27 
 
5.2.2.17 Synthesis of Dendronized Gold Nanoparticles (Dendronized AuNPs) (18) 
Polymers 15 (15 mg) dissolved in MilliQ water (3 mL) was cooled and added dropwise into 100 mL 
of AuNP solution in an ice bath and stirred overnight. The resulting (PNIPAM6-PDMA-AuNPs) 18 
were purified by repetitive centrifugation (15000g) to remove excessive amount of polymers. 
Dendronized AuNPs were either stored in solution or freeze-dried for TGA analysis. Prior to DLS 
measurement, the AuNP solution was also passed through a Millipore filter (pore size 0.45 μm) to 
eliminate dust and large contaminants. 
 
5.2.2.18 Synthesis of Dendronized Gold Nanoparticles (Dendronized AuNPs) (19) 
Polymers 16 (15 mg) dissolved in MilliQ water (3 mL) was cooled and added dropwise into 100 mL 
of AuNP solution in an ice bath and stirred overnight. The resulting (PNIPAM6-PDMA-AuNPs) 19 
were purified by repetitive centrifugation (15000g) to remove excessive amount of polymers. 
Dendronized AuNPs were either stored in solution or freeze-dried for TGA analysis. Prior to DLS 
measurement, the AuNP solution was also passed through a Millipore filter (pore size 0.45 μm) to 
eliminate dust and large contaminants. 
 
5.2.3 Analytical Methodologies 
 
Size Exclusion Chromatography (SEC).  
The molecular weight distributions of the polymers were determined using a Waters 2695 
separation module, fitted with a Waters 410 refractive index detector maintained at 35 °C, a Waters 
996 photodiode array detector, and two Ultrastyragel linear columns (7.8 × 300 mm) arranged in 
series. These columns were maintained at 40 °C for all analyses and were capable of separating 
polymers in the molecular weight range from 500 to 4 million g mol−1 with high resolution. HPLC 
grade THF was used as the eluent and all samples were eluted at a flow rate of 1.0 mL min−1. 
Calibration was performed using narrow molecular weight polystyrene (PSTY) standards (PDIRI ≤ 
1.1) ranging from 500 to 2 million g mol−1. Data acquisition was performed using Empower software, 
and molecular weights were calculated relative to polystyrene standards. 
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Absolute Molecular Weight Determination by Triple Detection SEC.  
Absolute molecular weights of polymers were determined using a Polymer Laboratories 
GPC50 Plus equipped with a dual angle laser light scattering detector, a viscometer, and a differential 
refractive index detector. HPLC grade N,N-dimethylacetamide (DMAc, containing 0.03 wt% LiCl) 
was used as the eluent at a flow rate of 1.0 mL min−1. Separations were achieved using two PLGel 
Mixed B (7.8 × 300 mm) SEC columns connected in series and held at a constant temperature of 50 
°C. The triple detection system was calibrated using a 2 mg mL−1 PSTY standard (Polymer 
Laboratories: Mw = 110 K, dn/dc = 0.16 mL g−1and IV = 0.5809). Samples of known concentration 
were freshly prepared in DMAc + 0.03 wt% LiCl and passed through a 0.45 μm PTFE syringe filter 
prior to injection. The absolute molecular weights and dn/dc values were determined using Polymer 
Laboratories Multi Cirrus software based on the quantitative mass recovery technique. 
 
Preparative Size Exclusion Chromatography (Prep SEC).  
Crude polymers were fractionated (i.e., purified) using a Varian Pro-Star preparative SEC 
system equipped with a manual injector, differential refractive index detector, and single wavelength 
ultraviolet visible detector. The flow rate was maintained at 10 mL min−1 and HPLC grade 
tetrahydrofuran was used as the eluent. Separations were achieved using a PL Gel 10 μm 10 × 103 Å, 
300 × 25 mm preparative SEC column at 25 °C. The dried crude polymer was dissolved in THF at 
100 mg mL−1 and filtered through a 0.45 μm PTFE syringe filter prior to injection. Fractions were 
collected manually, and the composition of each was determined using the Polymer Laboratories 
GPC50 Plus equipped with triple detection as described above. 
 
Nuclear Magnetic Resonance (NMR).  
All NMR spectra were recorded on a Bruker AV3400 MHz spectrometer using an external 
lock (CDCl3) and referenced to the residual nondeuterated solvent (CHCl3). A DOSY experiment was 
performed for polymer samples to suppress solvent peaks that could interfere with the integration. 
The spectra were recorded with the pulse gradient increasing from 2 to 85% of the maximum gradient 
strength and the d (p30) from 1 to 2 ms, with 64–128 scans. 
 
Matrix-Assisted Laser Desorption Ionization-Time-of-Flight (MALDI−ToF) Mass Spectrometry.  
MALDI−ToF MS spectra were obtained using a Bruker MALDI−ToF autoflex III smart beam 
equipped with a nitrogen laser (337 nm, 200 Hz maximum firing rate) with a mass range of 600−400 
000 Da. Spectra were recorded in either reflectron mode (500−5000 Da) or linear mode (5000−20000 
Da) as specified. Trans-2-[3-(4-tert-Butylphenyl)-2-methylpropenylidene]-malononitrile (DCTB; 20 
mg/mL in THF) was used as the matrix and Ag(CF3COO) or Na(CF3COO) (1 mg/mL in THF) as the 
143 
 
cation source of all the samples. A 20 μL polymer solution (1 mg/mL in THF), 20 μL DCTB solutions, 
and a 2 μL Ag(CF3COO) or 2 μL Na(CF3COO) solution were mixed in an Eppendrof tube, vortexed, 
and centrifuged. A 1 μL sample of solution was placed on the target plate spot, the solvent was 
evaporated at ambient condition, and the measurement was run. 
 
Log-normal distribution (LND) model.  
The LND model has been used in our group to fit to the SEC weight-average distributions30-
31. We have recently showed how the LND simulation can be used to fit SEC traces for block 
copolymers with different dn/dc values32. This method was used to fit the SEC traces in this work 
using the following dn/dc values in THF at 35 oC: PSTY = 0.185 ml/g, PtBA = 0.049 ml/g, PEG = 
0.078 ml/g and PMA = 0.048 ml/g. The dn/dc values were calculated from equations 1, and Xi was 
determined from 1H NMR. 
 
𝑑𝑛/𝑑𝑐𝐵𝑙𝑜𝑐𝑘 = ∑ 𝑋𝑝,𝑖𝑑𝑛/𝑑𝑐𝑖  (1) 
and 
∑ 𝑋𝑝,𝑖 = 1    (2) 
Where Xp,i is the weight fraction of homopolymer i with dn/dci.  
 
Dynamic Light Scattering (DLS).  
Dynamic Light Scattering measurements were performed using a Malvern Zetasizer Nano 
Series 3000HS running DTS software operating a 4 mW He-Ne laser at 633 nm. Analysis was 
performed at an angle of 90° and at a constant temperature of 25°C. The number average 
hydrodynamic particle size and particle size distribution (PSD) were reported. The PSD was used to 
describe the width of the particle size distribution. It was calculated from a cumulate analysis of the 
DLS measured intensity autocorrelation function and related to the standard deviation of the 
hypothetical Gaussian distribution (i.e. PSDDLS = σ2/ZD2, where σ is the standard deviation and ZD is 
the Z average mean size). 
For determination of the lower critical solution temperature (LCST) all dendrons and 
dendronized-AuNPs were dissolved in Milli-Q water. The solution was then filtered using a 0.45 μm 
cellulose syringe filter directly into a DLS cuvette. The polymer solution was cooled to 5°C and the 
cuvette placed in DLS. The measurement was carried out by slowly increasing the temperature from 
5 to 60°C at a ramp rate controlled by the SOP software. 
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Thermogravimetric Analysis (TGA).  
TGA was carried out using a Mettler Toledo STARe instrument. Samples were heated to 80 
°C under nitrogen atmosphere and held for 30 min to remove residual solvent. Samples were then 
heated to 800 °C at a rate of 10 °C/min. The surface density of polymer (chains/nm2) can be estimated 
by TGA according to equation 3. 
 
Transmission Electron Microscopy (TEM).  
A drop of the nanoparticle solution was allowed to air-dry onto a Formvar- -coated 150 mesh 
copper grid, and the sample was stained with 2% of phosphotungstic acid for 2 min. TEM images 
were then acquired on a JEOL-1010 microscope operating at an accelerating voltage of 100 kV. 
Approximately 200 particles were counted and measured for size distribution using AnalySIS 
software (Soft Imaging Systems, Megaview III, Munster, Germany). 
 
5.3 Results and discussion 
Two N,N-dimethylacrylamide based polymers 6 and 7 were synthesized using RAFT 
polymerization. Using SET-LRP,22, 33 two N-isopropylacrylamide based polymers 8 and 9 were 
synthesized, in which polymer 8 contains a terminal –N3 group and polymer 9 contains –OH and –
N3 groups on opposite sides of the chain. The azide group of 9 was converted to an alkyne 10 using 
CuAAC click reaction with propargyl ether. A two-arm wedge is constructed by coupling two 
equivalent of 8 with a dialkyne linker 5 to produce 11 (Scheme 5.1, Table 5.1). The SEC (Figure 
5.1A) trace showed highly efficient coupling with a purity of 78% (curve b in Figure 5.1A) and 
approximately 22% starting polymer 9 (curve a in Figure 5.1A). The high purity of 11 was supported 
by a single species in the MALDI-ToF spectra (found 7339.06, calculated 7339.28 with Na+ (Figure 
5.2A). The –OH functional wedge was directly azidated using DPPA/DBU in DMF at 50°C for 24 h 
to form 12 with a purity of 77%, which increased to 98% after preparative SEC (curve c in Figure 
5.1A) and the ratio of Mn,RI to Mn,TD for 12 was found to be 0.79 (Table 5.1). A similar agreement 
was found from the MALDI of 12 (Figure 5.2B), in which m/z = 7350.21 was close to the theoretical 
value m/z = 7349.29 (with Na+).  
Polymer 12 was coupled to 10 to produce a 1st generation alcohol functional dendron 13. The 
SEC trace (Figure 5.1B) showed a molecular weight distribution corresponding to the starting 
polymers 10 (16%) (curve a in Figure 5.1B) and 12 (2%) (curve b in Figure 5.1B) and a dominant 
high molecular weight peak corresponding to 13 (82% purity and 80% click efficiency) (curve c 
in Figure 5.1B). Subsequent azidation of 13 yielded 14 with a purity of 79% that increased to 99% 
(curve d in Figure 5.1B) after preparative SEC and the ratio of Mn,RI to Mn,TD was found to be 0.80 
(Table 5.1). The MALDI of 13 (Figure 5.2C) indicated a single species with m/z = 11782.54 in 
145 
 
agreement with the theoretical value m/z = 11783.52 (with Na+). A similar agreement was found from 
the MALDI of 14 (Figure 5.2D), in which m/z = 11695.66 was close to the theoretical value m/z = 
22696.45 (with Na+). This was further supported by a shift of the methylene protons at 4.7 to 4.3 ppm 
in the 1H NMR given in (Figure A5.23 and Figure A5.25). 
 
Figure 5.1: Molecular weight distributions (MWDs) obtained from SEC-RI based on a polystyrene 
calibration curve for starting polymers and products. (A) Curves (a) PNIPAM30-N3 8, 
(b) (PNIPAM30)2-OH 11 crude, (c) (PNIPAM30)2-N3 12 purified by preparative SEC, (d) LND 
of purified 12. (B) Curves (a) HO-PNIPAM30-≡ 10, (b) (PNIPAM30)2-N3 12, (c) (PNIPAM30)2-
PNIPAM30-OH 13 crude, (d) (PNIPAM30)2-PNIPAM30-N3 14 purified by preparative SEC, (e) LND 
of purified 14. All SEC traces were recorded based on PSTY calibration and normalized by weight 
fraction. 
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Figure 5.2: MALDI-ToF mass spectra of (A) (PNIPAM30)2-OH (11), (B) (PNIPAM30)2-N3 (12), (C) 
(PNIPAM30)2-PNIPAM30-OH (13) and (D) (PNIPAM30)2-PNIPAM30-N3 (14). 
 
CuAAC coupling of 14 (1 eq.) to 6 (1.3 eq) in DMF at 25°C produced a two-arm PNIPAM3-
PDMA dendron 15 with 79% coupling efficiency and 74% purity (curve c in Figure 5.3A) which 
after fractionation by preparative SEC increased to 99% (curve d in Figure 5.3A). The SEC trace 
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showed distributions corresponding to the starting polymer 6 (21%) (curve a in Figure 5.3A), 12 (3%) 
and 2% from the glazer coupling of 6. The Mn by triple detection SEC was in close agreement with 
the theoretical value (Table 5.1). The ratio of Mn,RI to Mn,TD (Table 5.1) was close 14, suggesting that 
the addition of a PDMA block has little or no effect in altering the coil dimensions. The four-arm 
PNIPAM6-PDMA dendrons 16 was synthesized coupling 14 (2.2 eq.) to  7 (1 eq.) in DMF at 25°C. 
A high molecular weight peak at 20700 (curve c in Figure 5.3B) with a ‘click’ efficiency of 59% and 
a purity of 60% that increased to 99% after preparative SEC (Table 5.1). The SEC trace showed 
distributions corresponding to the starting polymer 7 (2.5%), 14 (34%) and 3.5% from the glazer 
coupling of 7. The ratio of Mn,RI/Mn,TD reduced to 0.75, suggesting a more compact coil conformation 
due to the close proximity of two PNIPAM dendrons to a PDMA block. 
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Figure 5.3: Molecular weight distributions (MWDs) obtained from SEC-RI based on a polystyrene 
calibration curve for starting polymers and products. (A) Curves (a) ≡-PDMA49-S(C=S)SC4H9 6, 
(b) (PNIPAM30)2-PNIPAM30-N3 14, (c) (PNIPAM30)3-PDMA49-S(C=S)SC4H9 15 crude, 
(d) (PNIPAM30)3-PDMA49-S(C=S)SC4H9 15 purified by preparative SEC, (d) LND of purified 15. 
(B) Curves (a) (≡)2-PDMA48-S(C=S)SC4H9 7, (b) (PNIPAM30)2-PNIPAM30-N3 14, 
(c) (PNIPAM30)6-PDMA48-S(C=S)SC4H9 16 crude, (d) (PNIPAM30)6-PDMA48-S(C=S)SC4H9 
16 purified by preparative SEC, (d) LND of purified 16. 
 
Analysis of the CuAAC coupling efficiency required simulation of the refractive index SEC 
using the Log-normal distribution (LND) model with known dn/dc values for the macromers and 
convergent growth product31-32. The dn/dc values for the homopolymers were taken from the 
literature34-35 and those for the block copolymers determined by a weighted average of the 
homopolymers32. Simulating the SEC traces by the LND method has been described previously to 
obtain the true weight fractions of each polymer species in the reaction32. 
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Table 5.1: Molecular Weight Data (RI and Triple Detection) for all building blocks and Characterization of polymers synthesized via Convergent Growth. 
 aThe molecular weight distribution from SEC (RI detector) was based on a PSTY calibration curve. b The yield is calculated from the isolated pure solid product after prep SEC. cThe 
molecular weight distribution determined from DMAc Triple Detection SEC with 0.03 wt % of LiCl as eluent. dPDI values from triple detection underestimate the true PDI values 
since light scattering is less sensitive to the low molecular weight part of the distribution. eHydrodynamic volume change (Mn,RI/Mn,TD).  
Polymer Polymer Code 
 SEC (RI)a Purity Coupling 
Efficiency (%) 
Yieldb Mn Mn SEC (TD)
c 
Mn,RI/Mn,TD
e 
dn/dc 
Mn Mp Đ LND% (%) (NMR) (Theory) Mn Đd (NMR) 
6 ≡-PDMA49-S(C=S)SC4H9 1980 2075 1.12    5158 5147 5174 1.01  0.084 
7 (≡)2-PDMA48-S(C=S)SC4H9 1645 1750 1.08    5212 5207 5257 1.01   
8 PNIPAM30-N3 2453 2627 1.13    3688 3551 3597 1.002  0.09 
9 HO-PNIPAM30-N3 2269 2503 1.12    3635 3643 3656 1.005   
10 HO-PNIPAM30-≡ 2491 2707 1.11    3749 3738 3797 1.01   
11 (PNIPAM30)2-OH 4479 6038 1.23 78 78  7401 7319     
12_crude (PNIPAM30)2-N3 4275 6010 1.27 77         
12_prep (PNIPAM30)2-N3 5824 6076 1.07 98  75 7366 7344 7381 1.01 0.79 0.09 
13 (PNIPAM30)2-PNIPAM30-OH 6230 9156 1.37 82 80  11006 10971     
14_crude (PNIPAM30)2-PNIPAM30-N3 6100 9184 1.41 82         
14_prep (PNIPAM30)2-PNIPAM30-N3 9063 9150 1.06 99  76 11053 10996 11251 1.01 0.80 0.09 
15_crude (PNIPAM30)3-PDMA49-S(C=S)SC4H9 5246 12324 1.99 74 79        
15_prep (PNIPAM30)3-PDMA49-S(C=S)SC4H9 13002 12967 1.08 99  70 16474 16144 16430 1.01 0.79 0.088 
16_crude (PNIPAM30)6-PDMA48-S(C=S)SC4H9 11111 20721 1.50 60 59        
16_prep (PNIPAM30)6-PDMA48-S(C=S)SC4H9 20819 20824 1.09 99  68 27371 27248 27632 1.01 0.75 0.088 
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Next, we sought to coat the dendronized polymers onto gold nanoparticles to make PNIPAM-
PDMA-AuNPs hybrid structures. In this work ∼17 nm  spherical AuNPs (17) were synthesized by 
the citrate reduction method by adding HAuCl4 solution to a boiled solution of sodium citrate under 
stirring27, 36-38. The size and uniformity of the prepared AuNPs were characterized by DLS and TEM. 
The DLS results indicated that AuNPs were successfully prepared having well-defined number-
average particle sizes of 17.5 ± 1.0, This was further supported by TEM micrographs (Scheme 5.2 
and Figure 5.4A).   
 
 
Scheme 5.2: Synthesis of Precisely Defined Thermoresponsive Dendronized-AuNPs via “Grafting-
onto” Approach. 
 
Sulfur-terminating moieties possess high binding affinity to gold surfaces; hence, polymeric 
groups containing a terminal trithiocarbonate group could be directly coupled to gold surfaces39-42. 
Finally, dendrons 15 and 16 containing terminal trithiocarbonate groups were coated to AuNPs via 
“grafting-onto” approach through the gold-sulfur binding. Polymeric dendrons were dissolved in 
water and added dropwise to the citrate-stabilized AuNPs in water to yield (PNIPAM3-PDMA-AuNP) 
18 and (PNIPAM6-PDMA-AuNP) 19 (Scheme 5.2 and Figure 5.4). 
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Figure 5.4: Transmission electron microscopy (TEM) images of: (A) ∼17 nm 17 spherical AuNPs, 
(B) (PNIPAM3-PDMA-AuNP) 18, (C) (PNIPAM6-PDMA-AuNP) 19.  
 
PNIPAM polymer exhibits a coil-to-globule phase transition in water (LCST, 32°C). Below 
the LCST, PNIPAM chains adopt a random coil conformation, and above the LCST, intramolecular 
hydrogen-bonding interactions between C=O and N-H groups collapse the chains and reduce their 
water solubility2, 43.  
DLS measurements were performed to determine the hydrodynamic diameter of AuNPs 
before and after grafting with the dendrons. The results indicated an increase in particle size for 
dendronized-AuNPs in comparison with naked AuNPs (Figure 5.5 and Table 5.2). In general, the 
particle size increase directly correlated with the increase in the molecular weight of polymer used to 
coat the AuNPs. The effect of temperature on the particle size changes of these dendrons and 
dendronized-AuNPs was determined using DLS machine with the standard operating procedures 
(SOP) program. When heated above their LCSTs (20-25°C) the dendrons 15 and 16 were found to 
form stable particles with sizes of approximately 150 nm. For the dendronized-AuNP 18, the size 
increased from approximately 35 nm to 230 nm and for dendronized-AuNP 19 the size increased 
form 45 nm to 790 nm. These results indicated that above the LCST the loss of steric stabilization of 
the AuNPs leads to large aggregates27. The size profiles of dendrons and dendronized-AuNPs, of 
heating cycle overlaid the cooling cycle, indicating reversibility and temperature stability of the 
dendrons and dendronized-AuNPs (Figure 5.5). 
 
Table 5.2: Size of Polymeric Dendrons and Dendronized-AuNPs in water as analyzed by DLS. 
Dendron / Dendronized-AuNPs DH (nm) at 10°C (<LCST) PDI DLS 
PNIPAM3-PDMA-RAFT 15 4.75 0.35 
PNIPAM6-PDMA-RAFT 16 9.25 0.39 
PNIPAM3-PDMA-AuNP 18 34.25 0.45 
PNIPAM6-PDMA-AuNP 19 47.45 0.47 
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Figure 5.5: Heating and cooling cycles of: (A) (PNIPAM)3-PDMA-RAFT (15), (B) (PNIPAM)6-
PDMA-RAFT (16), (C) (PNIPAM)3-PDMA-AuNP (18) and (D) (PNIPAM)6-PDMA-AuNP (19) in 
water measured by DLS.  
 
 
Coating of polymeric dendrons on the AuNPs plays a crucial role in determining the surface 
properties of the polymer coated AuNPs. TGA was used to determine the number of chains 
immobilized on a particle, and further calculations provided packing density, footprint (surface area 
per chain) and amount of polymer stretching (Table 5.3). All polymers decomposed between 220 and 
460 °C, this provided the percent weight loss of the polymer. Hence, the graft density of polymer 
chains was calculated using the following equation27: 
 
𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑐ℎ𝑎𝑖𝑛𝑠/𝑛𝑚2) =
(
𝑊𝑝𝑜𝑙𝑦𝑚𝑒𝑟
100− 𝑊𝑝𝑜𝑙𝑦𝑚𝑒𝑟
)ρ 𝑉𝑝𝑎𝑟𝑡𝑐𝑖𝑙𝑒 𝑁𝐴
𝑀𝑝𝑜𝑙𝑦𝑚𝑒𝑟  𝑆𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒
                 (3)                       
 
where, Wpolymer is the percent weight loss corresponding to the decomposition of polymer, ρ is the 
density of gold (19.32 g/cm3), Vparticle is the volume of gold nanoparticle calculated from the radius 
measured by TEM, NA is Avogadro’s number, Mpolymer is the molecular weight of polymer, 
and Sparticle is the surface area of gold nanoparticle. 
 
Dendronized-AuNPs 18 and 19 showed a density of 0.62 and 0.24 chains/nm2 respectively 
(Table 5.3). This suggests that due to its larger size the three-generation dendron, 16 occupies more 
surface area (4.05 nm2/chain) on AuNPs in comparison to the smaller  two-generation dendron 15 
(1.58 nm2/chain). Furthermore, in terms of molecular weight (or monomer units) dendron 16 is 
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approximately 1.7 times larger than 15. On the other hand, the grafting density for 18 is 2.5 times 
higher than 19. This suggest that structural arrangement along with molecular weight and composition 
of polymers plays a role in defining the architecture and properties of the resulting hybrid 
architectures. Additionally the high grafting density of 18 (0.24 chains/nm2) and 19 (0.62 chains/nm2) 
indicates the high binding efficiency of the terminal trithiocarbonate groups to gold surfaces as they 
anchor large dendritic brushes to gold surfaces to produce stable polymer gold hybrid architectures.  
 
Table 5.3: Surface Property Data for the grafting of Polymeric Dendrons onto AuNPs in water as 
analyzed by TEM and TGA. 
Dendronized-AuNPs 
Monomer 
Units (NA) 
Density 
(chains/nm2) 
Chains 
Per NP 
Footprint 
(nm2/chain) 
PNIPAM3-PDMA-AuNP 18 139 0.62 505 1.58 
PNIPAM6-PDMA-AuNP 19 228 0.24 198 4.05 
 
5.4 Conclusion 
In this proof-of-concept, we have demonstrated the intriguing potential of precisely controlled 
dendritic architectures at interfaces. We synthesized two new thermoresponsive dendronized-AuNPs, 
grafted with two- and three-generational dendritic PNIPAM-PDMA brushes. It was found that the 
surface-area (footprint) occupied by dendrons on AuNPs increased with increasing generational 
layers of dendrons. The well-defined and globular nature of these dendronized-AuNPs might be 
attractive for their use as “smart” materials in biomedicine and materials science. We anticipate our 
simple and efficient synthetic strategy will serve as a platform for development of smart functional 
architectures. Efforts toward the development of next generation smart dendronized-AuNPs are 
underway in our laboratory. 
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Chapter 6 
 
Summary 
 
The objective of this thesis was to develop novel synthetic strategies to construct complex 
polymer architectures via highly efficient reactions. By utilizing ‘living’ radical polymerization in 
conjunction with CuAAC ‘click’ reactions, a range of diverse symmetric, asymmetric, sequence-
defined and thermoresponsive complex polymer architectures have been constructed. 
A library of functional polymeric building blocks was created by RAFT, ATRP and SET-LRP 
methods. These functional chains were connected using efficient activation (azidation) addition 
(CuAAC) reaction sequences to render precisely controlled complex architectures. Azidation 
reactions were done either by, a two-step (esterification-azidation) process or by a direct one-step 
(DPPA/DBU) process. 
 
6.1 Symmetric and Asymmetric Complex Polymer Architectures  
Synthesis of complex architectures, particularly dendrimers requires iterative addition of 
generational layers to a multifunctional core or a periphery, by repeating addition-activation reaction 
cycles. Combined effects of steric hindrance and inefficiencies of these reactions lead to structural 
defect and extensive purifications at higher generations lead to low yields. To overcome this barrier, 
we developed a synthetic methodology to independently construct three separate components: linear 
multifunctional backbones and functional dendrons and macrocycles. Finally, these components were 
coupled to construct dendritic and multicyclic architectures. 
Two functional polystyrene building blocks (TIPS-≡(OH)-PSTY-N3 and ≡(HO)-PSTY-Br) 
were synthesized by ATRP. Sequential coupling of these chains by CuAAC reaction yielded a series 
of liner backbone with three, four and seven equally spaced pendent HO- functionalities. The key 
step for sequential growth was to obtain a high CuAAC ‘click’ efficiency without loss of the –Br end-
group. The chemical reactivity was modulated to significantly enhance the CuAAC ‘click’ reaction 
over transfer of the bromine to the Cu(I)/ligand species by switching the solvent to toluene and ligand 
to PMDETA. The pendent HO- groups on the linear backbones were converted to N3- groups by a 
two-step (esterification-azidation) process. Alkyne functional dendrons and macrocycles anchored to 
these linear chains by CuAAC coupling via ‘grafting-onto’ approach to construct symmetric dendritic 
and multicyclic architectures. The relative hydrodynamic volume of these grafted structures 
compared to their linear analogues decreased to a similar value to either the dendron or cyclic, 
suggesting that the increasing number of grafts had little or no influence on the coil conformation. 
159 
 
The capacity our methodology to retain a single –Br functionality during a CuAAC click reaction 
was further tested to retaining two –Br functionalities. This extension led to the construction of an 
asymmetric diblock architecture with two dendron grafts on one block and two cyclic grafts on the 
opposite block.  
Our synthetic method demonstrates the ability for the chemical functionality to be precisely 
located on the specific regions of the polymer backbone to produce well-defined topologies. 
Furthermore, the ability to construct different components independently also reduces the synthetic 
complexity. It is anticipated that this methodology will lead to the development of a new class of 
materials to meet the ever growing diversity of applications. 
  
6.2 Sequence-controlled Architectures by Iterative Sequential Growth (ISG)  
The essence of absolute structural control lies in precise positioning of individual monomers 
within a complex architecture, an ability acquired by living systems through evolution. With the more 
detailed insights gained from the synthesis of symmetric and asymmetric architectures, we sought to 
develop an efficient strategy for the synthesis of uniform, high-molecular weight sequence-controlled 
architectures.  
A toolbox of well-defined functional PSTY, PtBA, PEG and PMA macromers were 
synthesized by a combination ATRP and SET-LRP and CuAAC. These macromers were sequentially 
tethered by iterative sequential growth (ISG) strategy. ISG process relies on repeating addition 
activation cycles, the addition step involves CuAAC coupling and activation is achieved by 
DPPA/DBU method for near quantitative azidation of the benzyl alcohol. After eight-repeating 
CuAAC click reactions an eight-macromer sequence defined miktoarm star with a molecular weight 
of 37000, was constructed by ISG process.  The purity of the products and CuAAC coupling 
efficiency was determined by simulating the refractive index SEC using the Log-normal distribution 
(LND) model with known dn/dc values for the macromers and sequential product.  
The ISG method influences change in coil dimension, indicating that the dimension of both 
the starting coil and the subsequent macromer dictate the coil dimension. The addition of PEG 
macromer increases the ratio of Rh,RI/Rh,M-H  whereas all other macromers decrease the ratio, and thus 
the coil dimension could be manipulated with the type of macromer added. This demonstrates the use 
of sequence control in structure-property relationship. We envisage that our strategy could be used to 
construct advanced functional materials with predefined properties by programming the specific 
position of functional monomers (macromers) in a given sequence. Furthermore, the ISG could be 
elaborated to build sequence-controlled architectures from small molecule building blocks and for 
reactions where halides or other groups may be unstable. 
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6.3 Sequence-controlled Architectures by Iterative Exponential Growth (IEG)  
The ISG approach (or traditional iterative-solid phase chemistries) hold great potential for 
absolute sequence control. However, growing high molecular weight sequences with ISG is relatively 
difficult particularly with small molecule based monomers, as each monomer insertion requires a 
two-step process. In our effort to further extent the utility of our synthetic methodology, we developed 
the iterative exponential growth (IEG) strategy. The IEG relies on molecular doubling of a 
palindromic sequence to construct a high molecular weight sequences in fewer synthetic steps than 
ISG. 
Three well-defined functional PSTY, PtBA and PEG macromers were synthesized by a 
combination ATRP and SET-LRP and CuAAC. These macromers were sequentially appended by 
ISG to produce a three-block sequence with a terminal –HO group on one side and a TIPS-protected 
alkyne group on the opposite side. This three-block palindromic sequence was further extended by 
repeating IEG cycles to produce a 12-block sequence defined miktoarm star. In each IEG cycle, the 
starting sequence is divided in to two portions for two separate activation reactions: (a) reaction with 
TBAF to form a free alkyne and (b) azidation of benzyl alcohol group by DPPA/DBU method. 
Subsequent addition (CuAAC) reaction of the two portions yield the double molecular weight 
product. The purity of the products and CuAAC coupling efficiency was determined by simulating 
the refractive index SEC using the Log-normal distribution (LND) model with known dn/dc values 
for the macromers and sequential product.  
This demonstrates the versatility of our synthetic strategy as it could be adopted to IEG and 
ISG processes to construct high molecular weight sequence defined miktoarm star like architectures. 
 
6.4 Synthesis of Thermoresponsive-architectures 
The next step in complex architecture synthesis is the development of ‘smart’ functional 
materials capable of adapting their physicochemical properties in response to external-stimuli. Using 
RAFT and SET-LRP/NaBH4 methods, a range of well-defined functional PNIPAM and PDMA 
building blocks were synthesized. Next, using repeating cycles of addition (CuAAC click reaction in 
DMF) and activation (DPPA/DBU method) process two- and three-generational thermoresponsive 
water-soluble (PNIPAM-PDMA) dendrons, with terminal trithiocarbonate groups were constructed. 
The purity of the products and CuAAC coupling efficiency was determined by simulating the 
refractive index SEC using the Log-normal distribution (LND) model with known dn/dc values for 
the macromers and sequential product. These dendrons were ‘grafted-onto’ AuNPs to create 
dendronized-AuNPs by thiol-gold interaction. The resulting dendronized-AuNPs indicated high 
grafting density and high stretching. We believe that our simple synthetic strategy could be used to 
synthesize smart function materials for applications in biomedicine and materials. 
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The idea of developing new and efficient synthetic reactions is fundamental to organic 
chemistry. However, it is widely conceived that the current era of complex architectures synthesis is 
not limited by the availability of synthetic methodologies. Hence, the future of complex architectures 
lies in moving from passive-matter to precisely defined smart/adaptive materials, a characteristic 
found in biological molecules. We envisage that the synthetic methodologies presented in our work 
would be useful in the emerging field of the next-generation of smart-functional material, for 
applications in catalysis, medicine and material science.  
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Appendix A 
 
 
 
Figure A2.1: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of 1, recorded in CDCl3 at 298K 
 
 
 
 
 
 
Figure A2.2: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of 2 recorded in CDCl3 at 298K 
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Figure A2.3: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of 3, recorded in CDCl3 at 298K 
 
 
 
 
 
 
 
Figure A2.4: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of 4, recorded in CDCl3 at 298K 
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Figure A2.5: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of 5, recorded in CDCl3 at 298K 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2030405060708090100110120130140150160170 ppm
1.52.02.53.03.54.04.55.05.56.06.57.07.5 ppm
2
.0
0
0
3
.0
4
0
4
.0
8
6
1
.0
4
4
2
.0
3
5
a
b
c
d
e
d
b
c
e
h
d
cf
h
e
g
a
b
i
(a)
(b)
a
a
b c d
e
f
g
i
165 
 
 
Figure A2.6: SEC-RI trace of PSTY28-Br (6) based on PSTY calibration curve.   
 
 
Figure A2.7: 1H 1D DOSY NMR spectrum of PSTY28-Br (6) recorded in CDCl3 at 298K (500 MHz). 
 
 
Figure A2.8: Full and expanded MALDI-ToF mass spectra of PSTY28-Br (6) acquired in reflectron 
mode with Ag salt as cationizing agent and DCTB matrix. 
0
0.0001
0.0002
0.0003
0.0004
0.0005
2 2.5 3 3.5 4 4.5 5
w
 (
M
)
Log MW
(a) PSTY-Br (6)
LND simulation
1.01.52.02.53.03.54.04.5 ppm
9
.0
0
0
8
4
.1
4
4
2
.0
1
0
0
.9
8
7
a, c
f
c
b
a
b
d
e f
d, e
PSTY28-Br, 6
3136.423
0
500
1000
1500
In
te
n
s
. 
[a
.u
.]
2000 3000 4000
m/z
3136.423
0
500
1000
1500
In
te
n
s
. 
[a
.u
.]
3000 3050 3100 3150 3200 3250
m/z
Expt.= 3136.423, cal. [M+Ag+] = 3136.73
M
166 
 
 
Figure A2.9: SEC-RI trace of PSTY28-N3 (7) based on PSTY calibration curve.   
 
 
Figure A2.10: 1H 1D DOSY NMR spectrum of PSTY28-N3 (7) recorded in CDCl3 at 298K (500 
MHz). 
 
 
Figure A2.11: Full and expanded MALDI-ToF mass spectra of PSTY28-N3 (7) acquired in reflectron 
mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.12: SEC-RI trace of (≡)2PSTY20-Br (8) based on PSTY calibration curve.  
  
 
Figure A2.13: 1H 1D DOSY NMR spectrum of (≡)2PSTY20-Br (8) recorded in CDCl3 at 298K (500 
MHz). 
 
 
Figure A2.14: Full and expanded MALDI-ToF mass spectra of (≡)2PSTY20-Br (8) acquired in 
reflectron mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.15: 1H 1D DOSY NMR spectrum of (PSTY28)2-PSTY20-Br (9) recorded in CDCl3 at 298K 
(500 MHz). 
 
 
Figure A2.16: SEC-RI trace of (PSTY28)2-PSTY20-N3 (10) based on PSTY calibration curve.   
 
 
Figure A2.17: 1H 1D DOSY NMR spectrum of (PSTY28)2-PSTY20-N3 (10) recorded in CDCl3 at 
298K (500 MHz). 
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Figure A2.18: SEC-RI trace of (PSTY28)2-PSTY20-≡ (11) crude (a) and purified (b) based on PSTY 
calibration curve.   
 
 
Figure A2.19: 1H 1D DOSY NMR spectrum of (PSTY28)2-PSTY20-≡ (11) recorded in CDCl3 at 298K 
(500 MHz). 
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Figure A2.20: SEC-RI trace of ≡(OH)-PSTY28-Br (12) based on PSTY calibration curve.   
 
 
Figure A2.21: 1H 1D DOSY NMR spectrum of ≡(OH)-PSTY28-Br (12) recorded in CDCl3 at 298K 
(500 MHz). 
 
 
Figure A2.22: Full and expanded MALDI-ToF mass spectra of ≡(OH)-PSTY28-Br (12) acquired in 
reflectron mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.23: SEC-RI trace of ≡(OH)-PSTY28-Br (12b) based on PSTY calibration curve.   
 
 
Figure A2.24: 1H 1D DOSY NMR spectrum of ≡(OH)-PSTY28-Br (12b) recorded in CDCl3 at 298K 
(500 MHz). 
 
 
Figure A2.25: Full and expanded MALDI-ToF mass spectra of ≡(OH)-PSTY28-Br (12b) acquired in 
reflectron mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.26: SEC-RI trace of ≡(OH)-PSTY25-Br (12c) based on PSTY calibration curve.   
 
 
Figure A2.27: 1H 1D DOSY NMR spectrum of ≡(OH)-PSTY25-Br (12c) recorded in CDCl3 at 298K 
(500 MHz). 
 
 
Figure A2.28: Full and expanded MALDI-ToF mass spectra of ≡(OH)-PSTY25-Br (12c), acquired in 
linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.29: SEC-RI trace of ≡(OH)-PSTY25-N3 (13) based on PSTY calibration curve.  
  
 
Figure A2.30: 1H 1D DOSY NMR spectrum of ≡(OH)-PSTY25-N3 (13) recorded in CDCl3 at 298K 
(500 MHz). 
 
 
Figure A2.31: Full and expanded MALDI-ToF mass spectra of ≡(OH)-PSTY25-N3 (13), acquired in 
linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.32: SEC-RI trace of c-PSTY25-OH (14) based on PSTY calibration curve.   
 
 
Figure A2.33: 1H 1D DOSY NMR spectrum of c-PSTY25-OH (14) recorded in CDCl3 at 298K (500 
MHz). 
 
 
Figure A2.34: Full and expanded MALDI-ToF mass spectra of c-PSTY25-OH (14), acquired in linear 
mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.35: SEC-RI trace of c-PSTY25-Br (15) based on PSTY calibration curve.   
 
 
Figure A2.36: 1H 1D DOSY NMR spectrum of c-PSTY25-Br (15) recorded in CDCl3 at 298K (500 
MHz). 
  
 
Figure A2.37: Full and expanded MALDI-ToF mass spectra of c-PSTY25-Br (15), acquired in linear 
mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.38: SEC-RI trace of c-PSTY25-N3 (16) based on PSTY calibration curve.   
 
 
Figure A2.39: 1H 1D DOSY NMR spectrum of c-PSTY25-N3 (16) recorded in CDCl3 at 298K (500 
MHz). 
 
 
Figure A2.40: Full and expanded MALDI-ToF mass spectra of c-PSTY25-N3 (16), acquired in linear 
mode with Ag salt as cationizing agent and DCTB matrix. 
 
0
0.0002
0.0004
0.0006
0.0008
0.001
0.0012
2.5 3 3.5 4
w
 (
M
)
Log MW
(a) c-PSTY-N3, 11c-PSTY25-N3, 16
1.01.52.02.53.03.54.04.55.05.5 ppm
9
.2
1
7
9
.5
9
4
.0
0
2
.9
1
1
.9
6
0
.9
7
h
b
c, d
f, gb
h
c
e
f
g
e, i
i
s
t
s,t
d
0
2
4
6
4x10
In
te
n
s.
 [
a.
u
.]
2000 2500 3000 3500 4000 4500 5000
m/z
0
2
4
6
4x10
In
te
n
s.
 [
a.
u
.]
2950 3000 3050 3100 3150 3200
m/z
Expt=3077.88, 
cal. [M+Ag+] 
= 3078.01 
Unknown 
fragmentation
c-PSTY25-N3, 16 Expt.= 3055.37, cal. [M+Ag+] = 3077.88 offset=22.6
177 
 
 
Figure A2.41: SEC-RI trace of c-PSTY25-≡ (17) based on PSTY calibration curve.  
  
 
Figure A2.42: 1H 1D DOSY NMR spectrum of c-PSTY25-≡ (17) recorded in CDCl3 at 298K (500 
MHz). 
 
 
Figure A2.43: Full and expanded MALDI-ToF mass spectra of c-PSTY25-≡ (17), acquired in linear 
mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.44: SEC trace of TIPS-≡-(HO)-PSTY28-Br (18) SEC analysis based on polystyrene 
calibration curve.  
  
 
Figure A2.45: 500 MHz 1H 1D DOSY NMR spectra in CDCl3 of TIPS-≡-(HO)-PSTY28-Br (18) 
recorded in CDCl3 at 298K (500 MHz). 
 
 
Figure A2.46: The full and expanded MALDI-ToF mass spectra of TIPS-≡-(HO)-PSTY28-Br (18) 
acquired in reflectron mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.47: SEC-RI trace of TIPS-≡-(HO)-PSTY28-Br (18b) based on PSTY calibration curve.   
 
 
Figure A2.48: 1H 1D DOSY NMR spectrum of TIPS-≡-(HO)-PSTY28-Br (18b) recorded in CDCl3 
at 298K (500 MHz). 
 
 
Figure A2.49: Full and expanded MALDI-ToF mass spectra of TIPS-≡-(HO)-PSTY28-Br (18b) 
acquired in reflectron mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.50: SEC trace of TIPS-≡-(HO)-PSTY28-N3 (19) SEC analysis based on polystyrene 
calibration curve.   
 
 
Figure A2.51: 500 MHz 1H 1D DOSY NMR spectra in CDCl3 of TIPS-≡-(HO)-PSTY28-N3 (19) 
recorded in CDCl3 at 298K (500 MHz). 
 
 
Figure A2.52: The full and expanded MALDI-ToF mass spectra of TIPS-≡-(HO)-PSTY28-N3 (19) 
acquired in reflectron mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.53: SEC-RI trace of TIPS-≡-(HO)-PSTY28-N3 (19b) based on PSTY calibration curve.   
 
 
Figure A2.54: 1H 1D DOSY NMR spectrum of TIPS-≡-(HO)-PSTY28-N3 (19b) recorded in CDCl3 
at 298K (500 MHz). 
 
 
Figure A2.55: Full and expanded MALDI-ToF mass spectra of TIPS-≡-(HO)-PSTY28-N3 (19b) 
acquired in reflectron mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.56: SEC-RI trace of TIPS-≡(OH-PSTY28)2-Br (20) based on PSTY calibration curve.   
 
Figure A2.57: 1H 1D DOSY NMR spectrum of TIPS-≡(OH-PSTY28)2-Br (20) recorded in CDCl3 at 
298K (500 MHz). 
 
 
Figure A2.58: Full and expanded MALDI-ToF mass spectra of TIPS-≡(OH-PSTY28)2-Br (20) 
acquired in linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.59: SEC-RI trace of TIPS-≡(OH-PSTY28)2-Br (20b) based on PSTY calibration curve.   
 
Figure A2.60: 1H 1D DOSY NMR spectrum of TIPS-≡(OH-PSTY28)2-Br (20b) recorded in CDCl3 
at 298K (500 MHz). 
 
 
Figure A2.61: Full and expanded MALDI-ToF mass spectra of TIPS-≡(OH-PSTY28)2-Br (20b) 
acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.. 
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Figure A2.62: SEC-RI traces of TIPS-≡(OH-PSTY28)2-N3 (21) crude (a) and purified (b) based on 
PSTY calibration curve.   
 
 
Figure A2.63: 1H 1D DOSY NMR spectrum of TIPS-≡(OH-PSTY28)2-N3 (21) recorded in CDCl3 at 
298K (500 MHz). 
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Figure A2.64: Full and expanded MALDI-ToF mass spectra of TIPS-≡(OH-PSTY28)2-N3 (21) 
acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.. 
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Figure A2.65: SEC-RI trace of TIPS-≡(OH-PSTY28)2-N3 (21b) based on PSTY calibration curve.   
 
Figure A2.66: 1H 1D DOSY NMR spectrum of TIPS-≡(OH-PSTY28)2-N3 (21b) recorded in CDCl3 
at 298K (500 MHz). 
 
 
Figure A2.67: Full and expanded MALDI-ToF mass spectra of TIPS-≡(OH-PSTY28)2-N3 (21b) 
acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.. 
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Figure A2.68: SEC-RI trace of TIPS-≡(Br-PSTY28)2-N3 (22) based on PSTY calibration curve.  
 
 
Figure A2.69: 1H 1D DOSY NMR spectrum of TIPS-≡(Br-PSTY28)2-N3 (22) recorded in CDCl3 at 
298K (500 MHz). 
 
 
Figure A2.70: Full and expanded MALDI-ToF mass spectra of TIPS-≡(Br-PSTY28)2-N3 (22) 
acquired in linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.71: SEC-RI trace of TIPS-≡(Br-PSTY28)2-N3 (22b) crude (a) and purified (b) based on 
PSTY calibration curve.   
 
 
Figure A2.72: 1H 1D DOSY NMR spectrum of TIPS-≡(Br-PSTY28)2-N3 (22b) recorded in CDCl3 at 
298K (500 MHz). 
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Figure A2.73: Full and expanded MALDI-ToF mass spectra TIPS-≡(Br-PSTY28)2-N3 (22b) acquired 
in linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.74: 1H 1D DOSY NMR spectrum of TIPS-≡(N3-PSTY28)2-N3 (23) recorded in CDCl3 at 
298K (500 MHz). 
 
 
 
Figure A2.75: Full and expanded MALDI-ToF mass spectra of TIPS-≡(N3-PSTY28)2-N3 (23) 
acquired in linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.76: SEC-RI trace of TIPS-≡(HO-PSTY28)3-Br (24) based on PSTY calibration curve.   
 
Figure A2.77: 1H 1D DOSY NMR spectrum of TIPS-≡(HO-PSTY28)3-Br (24) recorded in CDCl3 at 
298K (500 MHz). 
 
 
Figure A2.78: Full and expanded MALDI-ToF mass spectra of TIPS-≡(HO-PSTY28)3-Br (24) 
acquired in linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.79: SEC-RI trace of TIPS-≡(HO-PSTY28)3-N3 (25) crude (a) and purified (b) based on 
PSTY calibration curve.   
 
 
 
Figure A2.80: 1H 1D DOSY NMR spectrum of TIPS-≡(HO-PSTY28)3-N3 (25) recorded in CDCl3 at 
298K (500 MHz). 
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Figure A2.81: Full and expanded MALDI-ToF mass spectra of TIPS-≡(HO-PSTY28)3-N3 (25) 
acquired in linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.82: SEC-RI trace of TIPS-≡(Br-PSTY28)3-N3 (26) based on PSTY calibration curve.   
 
 
Figure A2.83: 1H 1D DOSY NMR spectrum of TIPS-≡(Br-PSTY28)3-N3 (26) recorded in CDCl3 at 
298K (500 MHz). 
 
 
Figure A2.84: Full and expanded MALDI-ToF mass spectra of TIPS-≡(Br-PSTY28)3-N3 (26) 
acquired in linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.85: 1H 1D DOSY NMR spectrum of TIPS-≡(N3-PSTY28)3-N3 (27) recorded in CDCl3 at 
298K (500 MHz). 
 
 
Figure A2.86: Full and expanded MALDI-ToF mass spectra of TIPS-≡(N3-PSTY28)3-N3 (27) 
acquired in linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.87: SEC-RI trace of TIPS-≡(HO-PSTY28)3-HO-(PSTY28-OH)3-≡-TIPS (28) based on 
PSTY calibration curve.   
 
 
Figure A2.88: 1H 1D DOSY NMR spectrum of TIPS-≡(HO-PSTY28)3-HO-(PSTY28-OH)3-≡-TIPS 
(28) recorded in CDCl3 at 298K (500 MHz). 
 
 
Figure A2.89: Full and expanded MALDI-ToF mass spectra of TIPS-≡(HO-PSTY28)3-HO-(PSTY28-
OH)3-≡-TIPS (28) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.90: SEC-RI trace of TIPS-≡(Br-PSTY28)3-Br-(PSTY28-Br)3-≡-TIPS (29) based on PSTY 
calibration curve.   
 
 
Figure A2.91: 1H 1D DOSY NMR spectrum of TIPS-≡(Br-PSTY28)3-Br-(PSTY28-Br)3-≡-TIPS (29) 
recorded in CDCl3 at 298K (500 MHz). 
 
 
Figure A2.92: Full and expanded MALDI-ToF mass spectra of TIPS-≡(Br-PSTY28)3-Br-(PSTY28-
Br)3-≡-TIPS (29) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix. 
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Figure A2.93: 1H 1D DOSY NMR spectrum of TIPS-≡(N3-PSTY28)3-N3-(PSTY28-N3)3-≡-TIPS (30) 
recorded in CDCl3 at 298K (500 MHz). 
 
 
Figure A2.94: Full and expanded MALDI-ToF mass spectra of TIPS-≡(N3-PSTY28)3-N3-(PSTY28-
N3)3-≡-TIPS (30) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.. 
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Figure A2.95: 1H 1D DOSY NMR spectrum of tricyclic architecture (31) recorded in CDCl3 at 298K 
(500 MHz). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A2.96: 1H 1D DOSY NMR spectrum of tri_dendron architecture (32) recorded in CDCl3 at 
298K (500 MHz). 
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Figure A2.97: 1H 1D DOSY NMR spectrum of tetra_cyclic architecture (33) recorded in CDCl3 at 
298K (500 MHz). 
 
 
 
 
 
 
 
 
 
 
 
Figure A2.98: 1H 1D DOSY NMR spectrum of tetra_dendron architecture (34) recorded in CDCl3 
at 298K (500 MHz). 
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Figure A2.99: 1H 1D DOSY NMR spectrum of hepta_cyclic architecture (35) recorded in CDCl3 at 
298K (500 MHz). 
 
 
 
 
 
 
 
 
 
 
Figure A2.100: 1H 1D DOSY NMR spectrum of hepta_dendron architecture (36) recorded in CDCl3 
at 298K (500 MHz). 
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Figure A2.101: SEC-RI trace of TIPS-≡(HO-PSTY28)2-≡ (37) crude (a) and purified (b) based on 
PSTY calibration curve.   
 
 
 
Figure A2.102: 1H 1D DOSY NMR spectrum of TIPS-≡(HO-PSTY28)2-≡ (37) recorded in CDCl3 at 
298K (500 MHz). 
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Figure A2.103: Full and expanded MALDI-ToF mass spectra of TIPS-≡(HO-PSTY28)2-≡ (37) 
acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.. 
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Figure A2.104: SEC-RI trace of TIPS-≡(Br-PSTY28)2-(HO-PSTY28)2-≡-TIPS (38) based on PSTY 
calibration curve.   
 
 
 
 
 
 
 
 
 
Figure A2.105: 1H 1D DOSY NMR spectrum of TIPS-≡(Br-PSTY28)2-(HO-PSTY28)2-≡-TIPS (38) 
recorded in CDCl3 at 298K (500 MHz). 
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Figure A2.106: SEC-RI trace of TIPS-≡(N3-PSTY28)2-(HO-PSTY28)2-≡-TIPS (39) crude (a) and 
purified (b) based on PSTY calibration curve.   
 
 
 
 
 
Figure A2.107: 1H 1D DOSY NMR spectrum of TIPS-≡(N3-PSTY28)2-(HO-PSTY28)2-≡-TIPS (39) 
recorded in CDCl3 at 298K (500 MHz). 
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Figure A2.108: SEC-RI trace of TIPS-≡(Dendron-PSTY28)2-(HO-PSTY28)2-≡-TIPS (40) based on 
PSTY calibration curve.   
 
 
 
 
 
 
 
 
 
 
Figure A2.109: 1H 1D DOSY NMR spectrum of TIPS-≡(Dendron-PSTY28)2-(HO-PSTY28)2-≡-TIPS 
(40) recorded in CDCl3 at 298K (500 MHz). 
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Figure A2.110: SEC-RI trace of TIPS-≡(Dendron-PSTY28)2-(Br-PSTY28)2-≡-TIPS (41) based on 
PSTY calibration curve.   
 
 
 
 
 
 
 
 
 
 
Figure A2.111: 1H 1D DOSY NMR spectrum of TIPS-≡(Dendron-PSTY28)2-(Br-PSTY28)2-≡-TIPS 
(41) recorded in CDCl3 at 298K (500 MHz). 
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Figure A2.114: 1H 1D DOSY NMR spectrum of TIPS-≡(Dendron-PSTY28)2-(N3-PSTY28)2-≡-TIPS 
(42) recorded in CDCl3 at 298K (500 MHz). 
 
 
 
 
 
 
 
 
 
Figure A2.115: 1H 1D DOSY NMR spectrum of TIPS-≡(Dendron-PSTY28)2-(Cyclic-PSTY28)2-≡-
TIPS (43) recorded in CDCl3 at 298K (500 MHz). 
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Appendix B 
 
 
 
Figure A3.1: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (1), recorded in CDCl3 at 
298K. 
 
 
 
 
Figure A3.2: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (2), recorded in CDCl3 at 
298K 
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Figure A3.3: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum recorded 
in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired in reflectron mode 
with Ag salt as cationizing agent and DCTB matrix, for PSTY47-Br (3). 
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Figure A3.4: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum recorded 
in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired in reflectron mode 
with Ag salt as cationizing agent and DCTB matrix, for PSTY47-N3 (4). 
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Figure A3.5: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Ag salt as cationizing agent and DCTB matrix, for PSTY-(OH)-≡ (5). 
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Figure A3.6: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix, for PtBA40-Br (6). 
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Figure A3.7: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix, for PtBA40-N3 (7). 
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Figure A3.8: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), for P
tBA40-(Ph-OH)≡  (8). 
 
 
 
 
 
 
  
0
0.00005
0.0001
0.00015
0.0002
0.00025
2.5 3.5 4.5
w
 (
M
)
Log MW
(a) PtBA-(OH)-≡ (8)
(b) LND simulation of (8)
1.01.52.02.53.03.54.04.55.05.56.06.57.07.5 ppm
9
.0
0
0
4
4
4
.5
6
5
3
9
.3
1
8
0
.9
7
8
1
.9
7
4
3
.9
8
2
2
.9
7
5
2
.8
9
5
0
.9
8
9
a, c
h, i
c
b
a
b
d
e f d, k
g h
j
i
g, f
j
k
e
l
m
n
n l, m
(A)
(B)
216 
 
 
Figure A3.9: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix, for PEG47-N3 (10). 
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Figure A3.10: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix, for PEG47-(Ph-OH)≡  (11). 
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Figure A3.11: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix, for PMA57-Br (12). 
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Figure A3.12: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix, for PMA57-N3 (13). 
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Figure A3.13: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix, for PMA57-(Ph-OH)≡  (14). 
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Figure A3.14: (A) SEC-RI trace based on PSTY calibration curve and (B) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 2-
Block-OH (15) crude, (C) SEC-RI trace based on PSTY calibration curve of 2-Block-N3 (16) crude, (D) LND simulation data for 2-Block (B-S) product, 
(E) SEC-RI trace based on PSTY calibration curve and (F) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 2-Block-N3 (16) 
purified by preparative SEC.  
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Figure A3.15: (A) SEC-RI trace based on PSTY calibration curve and (B) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 3-
Block-OH (17) crude, (C) SEC-RI trace based on PSTY calibration curve of 3-Block-N3 (18) crude, (D) LND simulation data for 3-Block (B-S-E) 
product, (E) SEC-RI trace based on PSTY calibration curve and (F) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 3-Block-
N3 (18) purified by preparative SEC.  
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Figure A3.16: (A) SEC-RI trace based on PSTY calibration curve and (B) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 4-
Block-OH (19) crude, (C) SEC-RI trace based on PSTY calibration curve of 4-Block-N3 (20) crude, (D) LND simulation data for 4-Block (B-S-E-M) 
product, (E) SEC-RI trace based on PSTY calibration curve and (F) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 4-Block-
N3 (20) purified by preparative SEC.  
0
0.0001
0.0002
0.0003
0.0004
0.0005
3.2 3.7 4.2 4.7
w
 (
M
)
Log MW
(a) PMA-(OH)-≡ (14)
(b) (B-S-E)-N3 (18) after prep
(c) (B-S-E-M)-OH (19) crude
(d) LND simulation of (19) crude
0
0.0001
0.0002
0.0003
0.0004
0.0005
3.2 3.7 4.2 4.7
w
 (
M
)
Log MW
(a) PMA-(OH)-≡ (14)
(b) (B-S-E)-N3 (18) after prep
(c) (B-S-E-M)-N3 (20) crude
(d) LND simulation of (20) crude
0
0.00005
0.0001
0.00015
0.0002
0.00025
0.0003
0.00035
0.0004
0.00045
3.2 3.7 4.2 4.7
w
 (
M
)
Log MW
(a) PMA-(OH)-≡ (14)
(b) (B-S-E)-N3 (18) after prep
(c) (B-S-E-M)-N3 (20) after prep
(d) LND simulation of (20) after prep
-OH
-N3
-N3
19_crude
20_crude
Code Product Product
(% )
B-S-E-N3
(18) (% )
PMA-(OH)-≡ 
(14) (% )
14 + 14
(% )
19_crude B-S-E-M-OH 61 2 25 12
20_crude B-S-E-M-N3 61 2 25 12
20_prep B-S-E-M-N3 95 1 0 4
20_prep
(A) (B)
(C) (D)
(E) (F)
M
E
S
B
M
E
S
B
M
E
S
B
1.01.52.02.53.03.54.04.55.05.56.06.57.0 ppm
2
7
.0
0
0
9
5
.2
6
0
3
6
6
.3
9
0
7
.8
9
4
1
.9
9
3
2
0
.9
3
6
2
3
8
.4
9
6
a,c
a',c'
f,f',g,h
e"
d,e,d'
j e'
i,b'
b,b",c",d"
a"
1.01.52.02.53.03.54.04.55.05.56.06.57.0 ppm
2
7
.0
0
0
9
5
.2
5
5
3
6
5
.2
2
9
5
.9
4
9
3
.8
9
1
2
0
.8
8
9
2
3
9
.8
0
2
a,c
a',c'
f,f',g,h
i,e"
d,e,d'
j
e'
b'
b,b",c",d"
a"
226 
 
 
 
 
  
-OHE
M
E
S
B
21_crude
-N3E
M
E
S
B
22_prep
c
a
b
d
e f
g
i
j
h
d'
e'
f'
a"
c" b"
d"
e"
b'
d'
e'
f'
b'
g
a"
c" b"
d"
e"
c
a
b
d
e f
g
i
j
h
d'
e'
f'
a"
c" b"
d"
e"
b'
d'
e'
f'
b'
g
a"
c" b"
d"
e"
227 
 
 
Figure A3.17: (A) SEC-RI trace based on PSTY calibration curve and (B) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 5-
Block-OH (21) crude, (C) SEC-RI trace based on PSTY calibration curve of 5-Block-N3 (22) crude, (D) LND simulation data for 5-Block (B-S-E-M-
E) product, (E) SEC-RI trace based on PSTY calibration curve and (F) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 5-Block-
N3 (22) purified by preparative SEC.  
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Figure A3.18: (A) SEC-RI trace based on PSTY calibration curve and (B) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 6-
Block-OH (23) crude, (C) SEC-RI trace based on PSTY calibration curve of 6-Block-N3 (24) crude, (D) LND simulation data for 6-Block (B-S-E-M-
E-S) product, (E) SEC-RI trace based on PSTY calibration curve and (F) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 6-
Block-N3 (24) purified by preparative SEC.  
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Figure A3.19: (A) SEC-RI trace based on PSTY calibration curve and (B) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 7-
Block-OH (25) crude, (C) SEC-RI trace based on PSTY calibration curve of 7-Block-N3 (26) crude, (D) LND simulation data for 7-Block (B-S-E-M-
E-S-M) product, (E) SEC-RI trace based on PSTY calibration curve and (F) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 7-
Block-N3 (26) purified by preparative SEC. 
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Figure A3.20: (A) SEC-RI trace based on PSTY calibration curve of 8-Block-OH (27) crude, (B) LND simulation data for 8-Block Block (B-S-E-M-
E-S-M-B) product, (C) SEC-RI trace based on PSTY calibration curve and (F) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 
8-Block-OH (27) purified by preparative SEC.
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Appendix C 
 
 
 
 
Figure A4.1: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (1), recorded in CDCl3 at 
298K. 
 
Figure A4.2: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (2), recorded in CDCl3 at 
298K 
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Figure A4.3: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (3), recorded in CD3OD at 
298K 
 
 
Figure A4.4: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (5), recorded in CDCl3 at 
298K. 
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Figure A4.5: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (5), recorded in CDCl3 at 
298K. 
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Figure A4.6: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Ag salt as cationizing agent and DCTB matrix, for PSTY31-Br (6). 
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Figure A4.7: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Ag salt as cationizing agent and DCTB matrix, for PSTY31-N3 (7). 
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Figure A4.8: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Ag salt as cationizing agent and DCTB matrix, for PSTY31-(Ph-OH)≡-TIPS  
(8). 
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Figure A4.9: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Ag salt as cationizing agent and DCTB matrix, for PSTY31-(Ph-N3)≡-TIPS  
(9). 
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Figure A4.10: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix, for PtBA40-Br (10). 
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Figure A4.11: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix, for PtBA40-N3 (11). 
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Figure A4.12: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), for P
tBA40-(Ph-OH)≡  (12). 
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Figure A4.13: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix, for PEG47-N3 (14). 
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Figure A4.14: (A) SEC-RI trace based on PSTY calibration curve, (B) 1H 1D DOSY NMR spectrum 
recorded in CDCl3 at 298K (400 MHz), (C) Full and expanded MALDI-ToF mass spectra acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix, for PEG47-(Ph-OH)≡  (15). 
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Figure A4.15: (A) SEC-RI trace based on PSTY calibration curve and (B) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of (2-
Block-OH)≡-TIPS (16) crude, (C) SEC-RI trace based on PSTY calibration curve of (2-Block-N3)≡-TIPS (17) crude, (D) LND simulation data for 2-
Block (S-E) product, (E) SEC-RI trace based on PSTY calibration curve and (F) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) 
of (2-Block-N3)≡-TIPS (17) purified by preparative SEC.  
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Figure A4.16: (A) SEC-RI trace based on PSTY calibration curve and (B) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of (3-
Block-OH)≡-TIPS (18) crude, (C) SEC-RI trace based on PSTY calibration curve of (3-Block-OH)≡ (19) crude, (D) LND simulation data for 3-Block 
(S-E-B) product, (E) SEC-RI trace based on PSTY calibration curve and (F) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 
(3-Block-OH)≡ (19) purified by preparative SEC, (G) SEC-RI trace based on PSTY calibration curve of (3-Block-N3)≡-TIPS (20) crude, (H) 1H 1D 
DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) and (I) 
1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of (3-Block-
N3)≡-TIPS (20) purified by preparative SEC. 
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Figure A4.17: (A) SEC-RI trace based on PSTY calibration curve and (B) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of (6-
Block-OH)≡-TIPS (21) crude, (C) SEC-RI trace based on PSTY calibration curve of (6-Block-OH)≡ (22) crude, (D) LND simulation data for 6-Block 
(S-E-B)2 product, (E) SEC-RI trace based on PSTY calibration curve and (F) 1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of 
(6-Block-OH)≡ (22) purified by preparative SEC, (G) SEC-RI trace based on PSTY calibration curve of (6-Block-N3)≡-TIPS (23) crude, (H) 1H 1D 
DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) and (I) 
1H 1D DOSY NMR spectrum recorded in CDCl3 at 298K (400 MHz) of (6-Block-
N3)≡-TIPS (23) purified by preparative SEC. 
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Figure A4.18: (A) SEC-RI trace based on PSTY calibration curve of (12-Block-OH)≡-TIPS (24) crude,  (B) 1H 1D DOSY NMR spectrum recorded in 
CDCl3 at 298K (400 MHz) and (C) SEC-RI trace based on PSTY calibration curve of (12-Block-OH)≡-TIPS (24) purified by preparative SEC, (D) LND 
simulation data for 12-Block (S-E-B)4 product.
0
0.00001
0.00002
0.00003
0.00004
0.00005
0.00006
0.00007
0.00008
0.00009
3.3 3.8 4.3 4.8 5.3
w
 (
M
)
Log MW
0
0.00001
0.00002
0.00003
0.00004
0.00005
0.00006
0.00007
0.00008
0.00009
3.3 3.8 4.3 4.8 5.3
w
 (
M
)
Log MW
Code Product Product
(% )
(S-E-B)2-(OH)≡
(22) (% )
(S-E-B)2-(N3)≡TIPS
(23) (% )
24 + 24
(% )
18 
(% )
16 
(% )
18 + 12
(% )
24_crude (S-E-B)4-(OH)≡TIPS 68 4 4 10 2 3 9
24_prep (S-E-B)4-(OH)≡TIPS 88 3 0 6 3 0 0
(D)
(C)
(A)24_crude
BE
S
B
E S
B
E
S B
E
S
24_prep
BE
S
B
E S
B
E
S B
E
S
d
e
f
a'
c' b'
d'
e'
b
a
c
h
j
k
d"
e"
f"
a"
b"
c"
g
g
i
43
BE
S
B
E S
B
E
S B
E
S
0
0.0001
0.0002
0.0003
0.0004
0.0005
0.0006
0.0007
0.0008
0.0009
3.3 3.8 4.3 4.8 5.3
w
 (
M
)
Log MW
(a) (S-E-B)2-(OH)-≡ (22) after prep
(b) (S-E-B)2-(N3)≡-TIPS (23) after prep
(c) (S-E-B)4-(OH)≡-TIPS (24) crude
(d) LND simulation of (24) crude
0
0.0001
0.0002
0.0003
0.0004
0.0005
0.0006
0.0007
0.0008
0.0009
3.3 3.8 4.3 4.8 5.3
w
 (
M
)
Log MW
(a) (S-E-B)2-(OH)-≡ (22) after prep
(b) (S-E-B)2-(N3)≡-TIPS (23) after prep
(c) (S-E-B)4-(OH)≡-TIPS (24) crude
(d) LND simulation of (24) crude
1.01.52.02.53.03.54.04.55.05.56.06.57.0 ppm
9
3
.0
0
0
1
5
6
.8
2
3
7
8
1
.5
2
7
7
.8
8
8
1
1
.7
7
9
7
6
.4
7
5
6
6
4
.0
8
9
f,f",g
i,h,e'
b,b',c',d'
k
a"
d,e,d"
b"
e"
(B)
254 
 
Appendix D 
 
 
Figure A5.1: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (1), recorded in CDCl3 at 
298K 
 
Figure A5.2: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (2), recorded in CDCl3 at 
298K 
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
1.01.52.02.53.03.54.04.55.05.56.06.57.07.5 ppm
6
.0
0
0
2
.0
1
5
2
.0
2
1
4
.0
2
9
b
c
d
d
(a)
a
a
b
c
b
e
g
a
c d
f
h i i
h
af
cd
be
g(b)
220 200 180 160 140 120 100 80 60 40 20 ppm
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
3
.0
0
0
2
.0
2
7
2
.0
7
1
6
.0
9
7
0
.9
8
2
1
.9
7
4
2
.0
4
3
b
c
d
e
d
f
g
(a)
a
f a
bc
e
g
(b)
b
c
d
f
a
i
k
e g
h j
d
f
g
a
bci
h
e
kj
255 
 
 
Figure A5.3: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (3), recorded in CDCl3 at 
298K. 
 
 
 
 
 
 
Figure A5.4: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (4), recorded in CDCl3 at 
298K 
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Figure A5.5: (a) 1H NMR (400 MHz) and (b) 13C NMR (100 MHz) of (5), recorded in CDCl3 at 
298K 
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Figure A5.6: SEC-RI trace of ≡-PDMA49-S(C=S)SC4H9 (6) based on PSTY calibration curve. 
 
Figure A5.7: 1H 1D DOSY NMR spectrum of ≡-PDMA49-S(C=S)SC4H9 (6) recorded in CDCl3 at 
298K. 
 
 
Figure A5.8: Full and expanded MALDI-ToF mass spectra of ≡-PDMA49-S(C=S)SC4H9 (6) acquired 
in reflectron mode with Na salt as cationizing agent and DCTB matrix. 
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Figure A5.9: SEC-RI trace of (≡)2-PDMA48-S(C=S)SC4H9 (7) based on PSTY calibration curve. 
 
Figure A5.10: 1H 1D DOSY NMR spectrum of (≡)2-PDMA48-S(C=S)SC4H9 (7) recorded in CDCl3 
at 298K. 
 
Figure A5.11: Full and expanded MALDI-ToF mass spectra of (≡)2-PDMA48-S(C=S)SC4H9 (7) 
acquired in reflectron mode with Na salt as cationizing agent and DCTB matrix. 
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Figure A5.12: SEC-RI trace of PNIPAM30-N3 (8) based on PSTY calibration curve. 
 
Figure A5.13: 1H 1D DOSY NMR spectrum of PNIPAM30-N3 (8) recorded in CDCl3 at 298K. 
 
 
Figure A5.14: Full and expanded MALDI-ToF mass spectra of PNIPAM30-N3 (8) acquired in 
reflectron mode with Na salt as cationizing agent and DCTB matrix. 
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Figure A5.15: SEC-RI trace of HO-PNIPAM30-N3 (9) based on PSTY calibration curve. 
 
 
Figure A5.16: 1H 1D DOSY NMR spectrum of HO-PNIPAM30-N3 (9) recorded in CDCl3 at 298K. 
 
Figure A5.17: Full and expanded MALDI-ToF mass spectra of HO-PNIPAM30-N3 (9) acquired in 
reflectron mode with Na salt as cationizing agent and DCTB matrix. 
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Figure A5.18: SEC-RI trace of HO-PNIPAM30-≡ (10) based on PSTY calibration curve. 
 
 
Figure A5.19: 1H 1D DOSY NMR spectrum of HO-PNIPAM30-≡ (10) recorded in CDCl3 at 298K. 
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Figure A5.20: 1H 1D DOSY NMR spectrum of (PNIPAM30)2-OH (11) recorded in CDCl3 at 298K. 
 
 
 
 
 
 
 
 
 
 
Figure A5.21: SEC-RI trace of (PNIPAM30)2-N3 (12) crude based on PSTY calibration curve. 
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Figure A5.22: 1H 1D DOSY NMR spectrum of (PNIPAM30)2-N3 (12) recorded in CDCl3 at 298K. 
 
 
 
Figure A5.23: 1H 1D DOSY NMR spectrum of (PNIPAM30)2-PNIPAM30-OH (13) recorded in 
CDCl3 at 298K. 
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Figure A5.24: SEC-RI trace of (PNIPAM30)2-PNIPAM30-N3 (14) crude based on PSTY calibration 
curve. 
 
 
 
 
 
 
Figure A5.25: 1H 1D DOSY NMR spectrum of (PNIPAM30)2-PNIPAM30-N3 (14) recorded in CDCl3 
at 298K. 
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Figure A5.26: 1H 1D DOSY NMR spectrum of (PNIPAM30)3-PDMA49-S(C=S)SC4H9 (15)  recorded 
in CDCl3 at 298K. 
 
 
 
Figure A5.27: 1H 1D DOSY NMR spectrum of (PNIPAM30)6-PDMA48-S(C=S)SC4H9 (16)  recorded 
in CDCl3 at 298K. 
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